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PREFACE. 


The  object  of  the  Work  now  siibmilted  to  the  public  is  to  in- 
dicate the  probable  origin,  oiid  to  trace  the  progress,  of  astrono- 
mical  science.  Setting  out  with  a  view  of  the  heavens,  the 
scDtiment«  which  that  view  may  be  supposed  to  excite  are 
described,  and  the  purposes  to  which  the  most  obvious  pheno- 
mena might  be  made  subsenient  are  stated.  In  tlie  next  place, 
the  manner  in  wliich  ihe  uiiuieuts  endeavoured  to  explain  the 
constitution  of  the  universe,  and  account  for  tlie  movements  ob- 
served in  the  heavenly  bodies,  is  shewn.  The  successive  changes 
made  in  the  celestial  mechanism,  in  proportion  as  the  phenomena 
were  more  attentively  considered,  are  then  detailed,  an  the 
n'ork  terminates  witli  an  outline  of  the  system  founded  on  the 
received  hypothesis  of  gravitation. 

From  the  relations  transmitted  by  some  of  the  ancient  writers, 
and  from  those  delivered  by  modem  navigators,  we  find  that 
men,  in  the  lowest  grade  of  civilisation,  have  always  entertained 
nearly  the  same  ideas  concerning  the  forms  of  the  earth  and 
heavens,  and  that  they  have  drawn  those  ideas  immediately  from 
the  information  aflbrded  by  the  senses  alone.  It  is  certain, also, 
that  from  the  time  at  which  the  proper  movements  of  the  sun, 
moon  and  planets  were  first  detected,  till  the  hypothesis  of  the 
earth's  motion  was  recognised,  in  the  days  of  Copernicus  and 
Kepler,  the  opinion  that  each  of  those  celestial  bodies  was  al- 
laclie<l  to  the  surface  of  a  revolving  sphere  was  universally  held. 
But  llic  faint  and  dubious  hints  to  be  found  in  th(!  existing 
works  of  the  ancients  being  insufficient  to  guide  us  to  a  know- 
ledge of  the  manner  in  which  the  periodical  revolutions  of  tlie 
planets  were  originally  ohsened,  this  is,  necessarily,  in  ^ait. 
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supplied  by  conjecture.  Tn  the  following  pages,  however,  care 
has  been  taken  to  suppose,  in  the  discoverer,  no  previous  in- 
formation, except  such  as  might  be  furnished  by  those  pheno- 
mena which  are  manifest  to  an  unassisted  eve,  and  which  could 
not  have  escaped  an  attentive  observer ;  and  it  will,  probably, 
be  admitted  that  the  notions  imagined  to  arise  on  contemplating 
the  moving  bodies  in  the  firmament  are  precisely  those  which 
would  occur  to  the  mind  of  an  intelligent  spectator,  if  placed 
in  such  circumstances. 

It  has  been  attempted,  in  the  present  Work,  to  connect  the 
history  with  the  first  elements  of  astronomy,  in  order  that  they 
who  seek  to  obtain  a  knowledge  of  the  science  may  derive  as- 
sistance at  the  commencement  of  their  enquiiies;  when  any 
difficulty  which  the  student  may  happen  to  encounter  is  most 
likely  to  deter  him  from  the  pursuit ;  and  when,  also,  to  keep 
alive  his  interest  in  the  subject,  there  is  need  of  some  such  al- 
lurement as  may  be  found  in  a  relation  of  the  steps  accom- 
plished by  the  celebrated  men  of  past  ages.  Nor  can  it  be 
doubted  that  the  generous  desire  of  participating  in  the  renown 
acquired  by  the  ancient  masters  in  astronomy  must,  to  those 
who  have  arrived  at  its  principles  by  thus  tracing  the  succession 
of  discoveries,  present  an  inducement,  under  favourable  oppor- 
tunities, to  join  their  efforts  for  the  improvement  of  the  science 
to  those  by  which  it  has  been  brought  to  its  actual  state.  The 
obscure  period  during  which  astronomy  was  in  its  infancy,  and 
in  which  the  first  notions  must  have  been  obtained  from  a  mere 
view  of  the  heavens,  has  been  dwelt  on  at  some  length,  and  the 
probable  nature  of  the  earliest  observations  has  been  described. 
Some  mention  has,  next,  been  made  of  the  distribution  of  the 
fixed  stars  into  clusters ;  of  the  dispositions  of  the  principal  cir- 
cles imagined  to  be  described  on  the  surface  of  the  celestial 
sphere  for  the  purpose  of  marking  with  some  precision  the 
places  of  the  sun,  the  moon  and  the  erratic  stars ;  and  of  the 
natiure  of  the  observations  by  which  the  periodical  revolutions 
and,  consequently,  the  mean  motions  of  these  may  have  been 
discovered  before  their  places  in  the  heavens  could  have  been 
directly  determined  by  instruments.  An  endeavour  has,  subse- 
quently, been  made  to  shew  the  nature  of  those  assemblages  of 


spheres  nliich  were  invented  to  exhibit  some  of  the  principal 
movements  of  the  lieavenly  bodies,  anil  to  enable  the  astronomer 
to  anticipate  the  more  reinaikablc  phenomena  with  tolerable  ac- 
curacy. Then,  afttT  explaining  from  what  causes  the  first  sys- 
tems cease'l  to  answer  the  pnrjjoses  for  which  they  were  iina-' 
gined,  some  account  has  been  rendered  of  the  struggles  between 
ancient  prejudices  and  Uie  evidence  of  newly  discovered  facts; 
the  efforts  made  to  accommodate  tlie  original  hypotheses  to  the 
complex  variations  of  tbe  planetary  motions  have  been  noticed, 
ajid  the  historical  sketch  has,  finally,  been  extended  to  the  epoch 
at  which  the  persevering  spirit  of  man  succeeded  in  delecting 
the  laws  which  govern  tbe  raovemtmls  of  the  great  bodies  in  the 
universe.  Occasionally,  the  scnliments  of  tbe  ancients  on  the 
principal  points  in  tbe  philosophy  of  the  heavens  have  been  in- 
troduced ;  and  it  will,  no  doubt,  be  agreeable  to  the  reader  to 
see  those  opinions  collected  which  are  thinly  scattered  in  works 
□ot  readily  accessible  to  his  enqniries.  The  contemplation  of 
these  subjects  afl'ords  the  satisfaction  of  observing  how,  from 
the  first  rude  notions  of  unenlightened  men,  and  through  many 
slowly  advancing  improvements,  the  modem  science  has  gradu- 
ally attained  its  present  eminence ;  and  eien  a  review  of  the 
false  steps  which  have  been  taken,  and  by  which  its  progress 
has  been  retarded,  cannot  be  uninteresting  to  those  who  would 
minutely  trace  the  operations  of  the  human  mind  in  the  career 
of  discovery. 

That  astronomy  had  been  cultivated  in  the  East  to  such  an 
extent  and  in  such  ancient  limes  as  to  permit,  at  au  epoch  more 
remote  than  that  of  tlie  Noachian  Deluge,  the  attainment  of  a 
very  correct  knowledge  of  the  mean  movements  and  places  of 
the  sun,  moon,  and  pluncLs,  is  an  opinion  which,  during  the  last 
century,  had  several  distinguished  partisans,  but  which  is,  uow, 
perhaps,  nearly  abandoned.  Yet,  as  the  idea  is  too  remarkable 
and  interesting  to  deserve  entire  neglect,  it  has  been  thought 
proper  to  notice  it,  in  the  following  history,  so  far  as  to  point 
out  the  circumstances  on  which  it  has  been  supported  and  tbe 
arguments  by  which  it  has  been  disproved.  Some  attempt  has, 
also,  been  made  to  shew  that,  mthin  the  interval  of  two  thousand 
years  which  elapsed  between  the  cslablishmcul  of  the  Chaldean 
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monarchy  and  the  age  of  Aristotle,  it  was  possible,  from  obser- 
vation, to  discover  all  those  elements  of  the  celestial  movements 
which  are  contained  in  the  Hindu  Tables ;  and  to  form  those 
lunar  periods  which,  soon  after  the  time  of  the  above  philoso- 
pher, were  known  to  the  Greeks  and  which  were,  perhaps  then, 
first  determined  finom  the  registers  of  observed  phenomena,  kept 
at  Babylon  or  in  Egypt  during  the  said  interval. 

All  the  evidence  which  we  now  possess  favours  the  belief  that 
the  country  between  the  Nile  and  the  Euphrates  is  the  birth- 
place of  astronomy,  the  cradle  in  which  it  was  nursed,  and  the 
source  from  whence  it  extended  to  other  regions ;  and,  though 
no  written  monument  remains  of  the  state  of  the  science  among 
the  first  inhabitants  of  that  part  of  the  world,  the  reputation 
which  they  had  acquired,  and  which,  long  after  their  nation 
had  ceased  to  exist,  procured  for  those  who  professed  to  follow 
their  doctrines  the  esteem  and  confidence  of  mankind  is,  in  the 
absence  of  such  monuments,  the  best  proof  that  can  be  offered  of 
their  early  devotion  to  the  study  of  the  heavens. 

One  of  the  objects  proposed  in  this  Work  is  to  give  a  distinct 
account  of  the  methods  devised  by  the  ancients  for  explaining 
the  observed  inequalities  in  the  celestial  movements;  and,  as  the 
development  of  the  planetary  systems  is  certainly  due  to  the 
Greeks,  who  first  adjusted  the  positions  of  the  spheres,  their 
magnitudes  and  times  of  revolution,  to  the  visible  phenomena  of 
the  heavens,  the  description  of  those  systems  is  introduced  in 
the  account  of  the  Greek  astronomy  :  no  doubt,  however,  can 
exist  that,  at  least,  the  hypothesis  of  concentric  spheres,  which 
bears  the  marks  of  being  almost  the  earliest  conception  fonned 
firom  the  apparent  revolutions  of  the  stars  about  the  earth,  was 
invented  by  the  Chaldeans ;  and  it  is  even  probable  that  this 
people  did  more  than  merely  suggest  tlie  idea  of  such  a  ma- 
chinery. It  is  natural  that  some  curiosity  should  be  felt  to  know 
why  the  results  and  computations  founded  on  the  ancient  sys- 
tems, now  known  to  be  erroneous  in  every  respect,  should,  ne- 
vertheless, have  approached,  in  many  cases,  so  near  the  tnith  ; 
and  it  has,  therefore,  been  thought  convenient  to  enter  so  far 
into  the  explanation  of  those  systems  as  to  shew,  fi-om  the  ac- 
count delivered  by  Ptolemy,  how  the  dimensions  of  the  Defer- 


ents  and  Epicycles,  and  the  values  of  the  equations  arising  Irom 
them,  were  determined.  But  the  entire  neglect  into  which  the 
systems  have  fallen  seems  to  render  needless  any  more  extensive 
development  of  the  subject,  wliich,  however,  is  treated  at  length 
in  the  Almagest,  and  with  considerable  perspicuity  in  Delambre's 
H  istorj-  •. 

The  astronomy  of  the  ancients  was  founded  on  the  practit^e  of 
remarking  the  periodical  returns  of  like  phenomena,  which,  from 
their  general  regidarity,  in  some  measure  supplied  the  place  of 
theory ;  and,  as  the  lengths  of  the  intervals  compensated  the  in- 
accuracies of  the  observations,  it  is  evident  tliat  the  mean  mo- 
tions of  the  sun,  moon,  and  planets  might  be,  thus,  very  pre- 
cisely determined.  Then,  since  the  dimensions  and  motions  of 
the  spheres  were  so  determined,  by  computation,  as  to  represent 
the  discovered  inequalities  when  tliese  were  in  a  maximum  or 
minimum  state,  it  may  be  eaxily  ima^ned  that  the  differences 
between  the  observed  aud  calculated  places  of  the  erratic  bodies 
would  never  be  great,  and  would  otlen  be  incapable  of  detection 
by  the  instruments  in  use.  Tlie  correct  values  of  those  inequal- 
ities, in  tlie  intermediate  states,  and  several  others  now  known 
to  exist,  by  all  of  which  the  fallacy  of  the  aucicnt  hypotheses 
would  have  been  demonstrated,  were  not  till  later  ages  discovered. 

The  Writer  has  attempted  to  trace  with  care  the  progress  of 
astronomy  among  the  Greeks.  This  people  began  the  cultiva- 
tion of  the  science  with  a  knowledge  of  Uie  elements  obtained 
Jrom  the  ancient  observations  made  by  the  Chaldeans  or  Egyp- 
tians ;  and  to  tliem  must  be  attributed  the  honour  of  having,  first, 
applied  the  theorems  of  pure  mathematics  in  the  investigation 
of  astronomical  propositions.  In  fact,  we  perceive,  in  their 
writings,  precisely  that  ailvance  towards  the  discovery  of  the  true 
laws  of  Nature  which  might  be  expected  from  men  of  lofty  intel- 
lect, who  seem  to  have  been  retarded  in  their  career  only  by  ad- 
hering with  too  much  tenacity  to  a  metaphysical  notion  concern- 
ing the  perfection  of  the  universe.  The  planetary  systems  of  the 
Greek  philosophers  present  an  admirable  display  of  ingenuity  and 
address  in  their  adaptation  to  the  different  moiements  which, 
down  to  the  time  of  Ilipparchus,  had  been  ascertained;  but  the 
■  IHat.  de  I'Aslron.  Tom.  II. 
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attempt  to  represent  the  inequalities  which  mcnre  perfect  obserra- 
tions  afterward  brought  to  light,  necessarily  gave  rise  to  such 
modifications  that  the  complexity  of  the  machineiy,  at  length, 
destroyed  its  utility.  Some  enlightened  minds  CCTtainly  «iter- 
taincd  the  idea  that  the  revolutions  of  the  celestial  bodies  were, 
in  reality,  very  different  from  those  which  appeared ;  and  even 
suggested,  concerning  those  revolutions,  an  hypothesis  compre- 
hending the  movement  of  the  earth.  But  it  required  many  cen- 
turies to  vanquish  the  strong  prejudices  in  favour  of  its  quies- 
cence, as  well  as  to  disabuse  mankind  concerning  the  fancied 
influence  exercised  by  the  stars  on  terrestrial  substances ;  if^  in- 
deed, even  now,  it  may  bo  said  that  this  last  superstition  has 
ceased  to  exist. 

An  account  of  all  the  processes  employed  in  the  modem 
astronomy,  with  the  details  of  their  discovery,  could  not  be  in- 
troduced in  a  work  like  the  present  without  greatly  increasing 
its  bulk,  and  without  entering  into  investigations  which  properly 
belong  to  a  treatise  on  the  science  itself.  But  the  ancient  mechan- 
istn  of  the  heavens,  and  the  invention  of  tlie  first  rules  for  deter- 
mining, by  computation,  the  places  of  the  sun,  moon,  and  stars, 
form  subjects  differing,  in  every  respect,  from  those  which  cor- 
respond to  them  in  the  actual  theory  of  the  universe.  The 
Writer  trusts,  therefore,  to  have  done  that  which  will  be  consi- 
dered neither  uninteresting  nor  uninstructive,  in  shewing  how  the 
revolutions  of  a  planet  in  a  simple  eccentric  orbit  about  the 
earth  were  made  to  exhibit  the  alternately  direct  and  retrograde 
movements  observed  in  the  former ;  and  how  its  supposed  revo- 
lution in  an  epicycle,  about  its  mean  place,  produced  the  appa- 
rent changes  of  direction,  and  the  principal  variations  of  its 
velocity. 

Between  the  time  of  Ptolemy  and  the  establishment  of  the 
Mohammedan  power  in  Asia,  astronomy  appears  to  have  been 
but  little  cultivated ;  a  few  commentators  on  the  works  of  the 
Greek  mathematicians  and  philosophers  alone  kept  alive  the 
science,  which,  moreover,  was,  during  several  ages,  affected  with 
errors  perhaps  before  unknown,  and  arising  either  from  great 
inaccuracies  in  the  then  observed  longitudes  of  the  fixed  stars, 
or,  which  is  more  probable,  from  mistakes  respecting  the  longi- 
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age. 

The  Arabs,  in  their  deserts,  liad  always  preserved  a  rude  as- 
tronomy in  Gonneetion  with  their  worship  of  the  "  heavenly 
host,"  and  it  is  probable  ibat,  when  they  attained  ])olitical  im- 
portance, they  only  prosecuted  with  more  vigour,  and  more  ex- 
tensive means,  a  study,  in  which  they  had  ever  been  interested. 
The  duration  of  their  science  was  limited  by  that  of  tlieir  em- 
]jire ;  we  are,  however,  indebted  to  them  for  preserving  tlie 
knowledge  acquired  by  the  Greeks ;  for  increasing  it  by  a  num- 
ber of  obser^'ations  made  with  superior  instruments,  and  lor 
commuuicaliug  it  to  the  inhabitant^  of  Western  Europe. 

The  ancient  Hindus,  apparently,  had  claims  to  the  character 
of  a  scientific  people ;  part  of  their  astronomy  bears  the  marks  of 
originality,  and  its  foundations  were,  perhaps,  laid  in  or  near  the 
times  at  which  the  Chaldeans  and  Egyptians  are  believed  to 
have  instituted  the  first  measures  for  the  cultivation  of  the 
science.  It  was,  however,  while  the  Arabian  KlialiTs  occupied 
ihe  tlirono  of  Bagdad  that  tlie  fu^t  communication  between  the 
learned  men  of  India  and  Syria,  of  which  we  have  any  distinct 
information,  took  place  i  though  tlierc  is  no  reason  to  doubt  that, 
aller  the  conquests  of  Alexander  had  made  India  known  to  the 
Greeks,  and  during  the  reigns  of  that  prince's  successors,  a  con- 
stant intercourse  subsisted  betivcen  the  sajue  coiuitries.  The 
discoveries  of  llipparchus  at  Rhodes  or  Alexandria  might  have 
been,  then,  conveyed  to  the  banks  of  the  Ganges,  and,  by 
the  Hindu  astronomers,  incorporated  with  the  elements  of  l}ie 
science  previously  founded  ou  the  observations  of  their  own 
predecessors :  the  results  of  Ptolemy's  researches,  also,  if  not 
immediately  on  their  publication,  were,  at  a  subsequent  time,  pro- 
bably along  with  tlie  particidar  determinations  of  the  Arabians, 
received  and  adopted  by  tlie  same  people. 

No  proof  exists  that  the  ancient  Chinese  cultivated  astronomy 
as  a  science  j  tlie  only  monuments  of  the  attention  paid  to  the 
subject  by  the  natives  of  the  "  celestial  empire"  being  limited 
to  a  catalogue  of  phenomena  observed  by  the  eye,  and  to  a  few 
simple  elements  determined  by  means  of  the  gnomon :  the 
whole  scarcely  serving  any  other  purpose  than  lo  shew  thai,  in 


X  PBEFACE. 

the  study  of  the  heavens,  the  course  pursued  among  this  remote 
people  was  similar  to  that  pursued  hy  the  western  nations  in 
corresponding  circumstances.  That  such  should  be  the  fact 
cannot  cause  any  surprise  if  we  consider  that  the  book  of  Nature 
is  open  to  all,  and  that,  therefore,  all  must,  to  a  certain  extent, 
read  and  reason  alike.  It  is,  however,  worthy  of  remark  that, 
besides  an  agreement  in  sentiment,  among  men  in  different 
ages  and  countries,  concerning  the  visible  phenomena  of  the 
imiverse,  the  principle  of  general  attraction  so  extensively 
developed  by  Newton,  was,  two  thousand  years  before  his  time, 
proposed  as  an  hypothesis  by  the  philosophers  of  Greece,  and 
is  found  in  the  allegorical  poems  of  the  Hindus.  Moreover, 
and  the  circumstance  is  equally  worthy  of  observation,  the 
metaphysical  opinion  of  Berkeley  concerning  what  is  called 
material  substance,  that  its  essence  consists  in  being  perceivedy 
is  known  to  have  been  a  fundamental  tenet  of  the  Vedanta 
school*.  We  may,  therefore,  allow,  though  it  can  by  no 
means  be  positively  affirmed,  that  both  the  Hindus  and  Chinese 
arrived  at  their  astronomical  elements  independently  of  any 
other  people;  but,  be  this  as  it  may,  the  want  of  authentic 
documents  relating  to  their  early  histories  and  the  great  proba- 
biUty  that  much  of  their  learning  was  drawn  from  foreign 
soiurces  will,  certainly,  justify  us  in  placing  their  astronomy 
after  that  of  the  Greeks. 

We  are  brought,  next,  to  the  times  in  which  the  writings  of 
Ptolemy  and  his  commentators  were  studied  in  Europe ;  and  it 
will  be  seen  that  although,  with  general  literature,  astronomy 
began  then  to  be  assiduously  cultivated  in  this  part  of  the 
world,  the  authority  of  the  Greek  school  of  philosophy  still  held 
the  minds  of  men  in  bondage,  and  that  repeated  efforts  were 
made  to  represent  the  phenomena  of  the  heavens  by  modifica- 
tions of  the  ancient  hypothesis  even  after  the  fallacy  of  the  latter 
must  have  been  manifest.  Copernicus  himself,  who  entirely 
changed  the  face  of  the  science  by  considering  the  sun  as  the 
fixed  centre  of  the  orbits  of  the  earth  and  planets,  was  not  able 
to  vanquish  some  of  the  ancient  prejudices ;  and  the  planetary 
system  proposed  by  him  differs  materially  from  that  which  is 

*  Sir  William  J<mct*f  Diioounes,  Disc  XI. 


now,  usually,  calk-d  by  his  name.  The  pei«evering  labours  of 
Kepler  conspiring  with  tiie  fortunate  inrenlion  of  the  telescope, 
at  Icngtli  succeeded,  however,  in  annihilating  every  inipcdimcDt, 
and  prepared  the  way  for  the  present  theory  of  the  universe. 

It  will,  also,  be  seen  that  tlie  discoveries  of  the  above  astro- 
nomers were,  by  Newton,  proved  to  be  necessary  consequences 
of  a  principle  of  nature  which  exists,  identically,  in  the  fall  of  a 
stone  to  the  ground,  in  the  tendency  of  the  moon  to  the  earth, 
and  in  those  of  the  planets  to  the  sun ;  and  it  is  to  be  observed 
that  from  researclies,  founded  on  this  principle  alone,  which 
were  begun  by  our  great  philosopher,  and  extended  after  his 
death  by  the  mathematicians  of  the  continent,  result  the  modem 
tables  of  the  celestial  movements.  These  exhibit,  chiefly,  the 
mean  or  uniform  velocity  which  each  planet  would  have  if  it 
moved  in  an  undisturbed  circular  orhitj  the  first  inequality  of 
velocity,  commonly  called  the  equation  of  the  centre,  which 
expresses  the  variation  arising  from  the  movement  in  a  supposed 
elliptical  orbit ;  and  the  effects  of  the  several  ]>erturbations 
produced  by  the  attractions  of  otlier  jilanets,  by  which  the 
motion  of  each,  both  in  longitude  and  latitude,  is  rendered  slill 
fiirther  variable;  besides  tliese,  the  tables  contain  tlie  variable 
distances  of  the  earth  and  planets  from  the  sun,  the  movements 
of  the  apsides  and  nodes  of  their  orbits,  and  all  the  corrcspond- 
ijig  elements  of  the  satellites. 

UitJierto  the  improvements  in  analysis,  by  which  the  furmulte 
relating  to  the  lunar  and  planetary  motions  were  investigated, 
have  been  accompanied  by  corresponding  ameliorations  in  the 
instruments  of  observation  ;  and  llius,  the  constant  coefficients  of 
the  variable  terms  nhich  enter  into  the  fommla;  have  been 
obt^ned  with  considerable  accuracy'.  But,  that  instruments 
more  capable  than  tho^^e  already  in  use,  of  determining  accu- 
rately the  ])laces  of  celestial  bodies  by  obsenation,  should 
liereafter  be  constructed,  seems  very  uncertain.  Instruments  of 
great  magnitude,  though  they  afford  superior  optical  powers, 
and  are  susceptible  of  more  minute  graduations  than  those  of 
smaller  size,  are  more  than  the  latter  subject  to  partial  expan- 
sions or  contractions,  from  inequalities  in  the  material,  and  to 
derangements,  from  the   strains   produced   by   changing   their 
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directions  during  the  observation ;  and  these  evils,  necessarily, 
place  a  limit  to  their  useful  dimensions.  But  we  may  add  that 
the  errors  in  the  observed  places  of  stars,  arising  from  imperfec- 
tion of  vision  and  from  inappreciable  variations  in  the  state  of 
the  atmosphere,  too  often  render  useless  the  skill  displayed  in 
the  design,  and  the  accuracy  attained  in  the  execution  of  the 
magnificent  instruments  produced  by  modem  art. 

A  history  of  the  progress  of  astronomy  would,  probably,  be 
thought  incomplete  if  the  actual  state  of  the  science  were  not 
described.  Therefore,  after  exhibiting  an  outline  of  the  re- 
searches of  Kepler  and  of  the  planetary  theory  of  Newton,  the 
last,  in  all  probability,  to  be  recorded,  some  account  has  been 
g^vcn  of  the  recent  discoveries  made  in  the  heavens;  of  the 
operations  undertaken  to  ascertain  tlie  figure  of  the  earth;  and 
of  the  nature  of  the  instruments  employed  in  obsen^ation:  and 
a  chapter  has  been  added,  containing  a  statement  of  the  subjects 
to  which  the  modem  analysis  has  been  applied  in  investigating, 
by  the  theory  of  gravitation,  the  formulae  for  representing  the 
celestial  movements. 

llio  Writer  has  not  attempted,  in  the  Work,  to  trespass  on  the 
domain  of  natural  theology;  and  he  only  solicits  the  reader's 
indulgence  while  he  remarks  that  astronomy  affords  the  most 
striking  evidences  of  the  infinite  power  and  intelligence  of  the 
Deity.  The  former  is  manifested  in  the  incalculable  number  and 
vast  magnitudes  of  the  bodies  in  the  universe,  and  the  distances 
to  which  their  attractive  influences  extend;  the  latter,  in  the 
proportion  established  between  the  intensities  of  the  moving 
forces  acting  on  each,  by  which,  while  in  constant  oscillation 
between  opposing  attractions,  the  planets  constitute  systems 
capable  of  an  endless  duration.  That  inconceivable  tendency  of 
all  tlie  particles  of  matter  to  ai)proach  each  other,  can  only  be 
considered  as  the  result  of  a  principle  originally  communicated 
to  them  purposely  to  be  the  bond  by  which  the  different  parts  of 
the  universe  might  be  held  together.  But,  because  this  ten- 
dency, if  it  acted  alone,  would  have  caused  all  the  particles  to 
unite  in  one  mass ;  the  Divine  Power,  which  gave  existence  and 
a  law  of  attraction  to  matter,  must,  also,  have  been  exerted  in 
causing  the  unions  of  portions  of  that  matter  in  many  distinct 


masses  conslilutiiig  euus  and  placets,  in  eGtablisliing  tlic  furmer 
as  centres  of  pariifular  systems,  aiid  in  applying  to  eatli  of  the 
latter  an  impulsive  force  by  wLich  il  is  enabled  to  revolve  about 
the  common  centre  of  tlie  system  to  which  it  wiis  made  to 
belong.  Here,  then,  are  several  independent  actions  wliich, 
since  they  are  combined  together  to  work  out  certain  usefiil 
ends,  necessarily  exclude  the  possibility  of  a  fortuitous  occur- 
rence. And  though  the  profound  geometer  may  determine  the 
direction  of  the  impeUing  force  and  the  position  of  the  point  of 
application  by  which,  for  any  plaiiet,  the  particular  tnoUou  in 
the  orbit  and  the  observed  obUquily  in  die  axis  of  relation 
might  be  obtained;  he  is  as  incapable  as  the  rudest  peasant  of 
shewing,  from  natural  causes,  what  communicated  the  force,  or 
why,  among  Uie  infinite  number  of  possible  directions  and 
intensities,  those  should  have  been  given  which,  alone,  are 
capable  of  producing  the  phenomena  of  summer  and  winter,  of 
day  and  night,  in  unceasing  alternation. 

It  is  e\-ident  tliat  the  science  of  a»tronomy  may  be  treated  in 
two  very  difl'crent  ways.  The  obsen'ed  circimi stances,  in  re- 
spect of  time  and  place,  which  attend  the  recurrence  of  celestial 
phenomena,  by  aflbrding  dala  for  anticipating  the  repetition  of 
the  like  phenomena,  in  times  to  come,  permit  the  laws  which  re- 
gidate  the  movements  of  U»e  sun,  moon  and  planets  to  be  de- 
termined :  or  the  existence  of  a  law  of  nature,  according  to 
which  material  bodies  may  act  on  eacli  other,  being  assumed ; 
from  this  may  be  deduced  formulie  expressing  botli  the  mean  and 
variable  movements,  and  agreeing  with  those  obt^ned  from  a 
comparison  of  observations.  An  astronomy  formed  from  obser- 
vation of  tlie  heavens  is  the  subject  of  many  excellent  and  well 
known  Enghsh  works ;  but  the  otlier,  or  that  which  is  properly 
denominated  Physical  Astronomy,  though  now,  perhaps,  gain- 
ing ground,  has,  hitherto  been  but  little  studied  in  this  country. 
If  the  first  work  of  the  kind,  the  "  Priucipia"  of  the  illustrious 
Newton,  and  the  essays  of  Simpson  and  Robison,  be  excepted, 
reference  can  only  be  made  to  the  treatises  of  the  late  Mr. 
Woodhouse,  the  learned  researches  of  Ivory,  Herschell,  Airy, 
and  Lubbock ;  and  the  valuable  but,  as  yet,  unfinished  transla- 
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tions  of  the  M^canique  Celeste,  hy  Bowdilch  and  Mrs.  Soiner- 
ville. 

To  a  treatise  on  astronomy  founded  on  either  of  the  two  prin- 
ciples above  mentioned  the  following  Work  will,  it  is  hoped, 
sen-e  as  a  convenient  introduction ;  it  may  be  considered  as 
holding  an  intermediate  place  with  respect  to  the  voluminous 
histories  of  M.M.  Bailly  and  Delambre  and,  be  it  said,  while 
acknowledging  the  merits  of  such  as  the  elegant  essay  of  Dr. 
Adam  Smith,  or  that  recently  published  in  the  Library  of  Use- 
ful Knowledge,  the  very  general  outlines  which  have,  occasion- 
ally,  been  given  of  the  origin  and  progress  of  the  science. 

Royal  Military  College,  Sandhurst, 
May  20,  1833. 
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C'HAFrER  I. 


OAC^S  WHICH    LED   TO   THE    CONTEMPLATION 
OF  TOE   HEAVENS. 

Seniimenu  excited  by  a  view  ur  tlio  Firniamant.— The  vonliip  <if  the 
nlntial  bodiei  vm  general,  in  llie  first  ages  ut  die  ^'orld — The  posiiionl 
of  the  eeteilial  huiliea  ivere  auppoieil  in  be  indicative  of  phjrgioJ  and  moral 
«d«cu  oil  tliH  Eardi.-^Ciri'uuiilanceB  leading  to  the  atudjr  of  tlie  heavoni. 
— The  pralulile  origin  uf  Aglmlogy.— Agricullure  and  Navigation  aiicieRtly 
reflated  by  nhwrvationa  on  the  phenumeiiauf  iheheaTeni.— The  nccenily 
of  anticipating  the  return*  of  the  tetaont. — Opinion  aoncemiiig  ihe  ex- 
iicenw  of  a  very  ancient  Aatrononiy.— Alleged  antiquity  of  AstronaDi}'  in 
the  Eait>  -  Prejudice  in  faroiir  v(  [be  antiriuity  of  Eaitem  H'ienue. 

The  briUiact  spectacle  which  the  celestial  hemisphere  exMltits 
when  Uie  Stui  is  pursuuig  his  daily  course  within  it,  and  when, 
from  the  same  canopy,  adorned  with  innumerable  (flittering 
points,  the  Moon  displays  her  milder  radiance,  has  always  cx> 
cited  minted  emotions  of  pleasure  and  surprise  in  the  mind  of 
man.  Nor  do  these  aliections  alone  appear  to  have  attended 
the  contemplation  of  the  heavens.  It  is  probable  that  man  had 
from  the  first  been  instructed  by  express  revelation,  that  the 
Universe  is  the  work,  and  is  subject  to  the  government  of  a 
Being  possessing  infinite  power  and  intelligence,  but  wanting  a 
jnst  conception  of  tlie  true  nature  and  attributes  of  the  Creator, 
and  being  seduced  by  the  spleudour  of  the  rclesiial  host,  he 
wa*  soon  led  to  regard,  with  reverential  feelings,  the  Sun, 
Moon,  and  Stars,  as  appropriate  symbols  of  that  First  Cause 
which  he  could  only  imagine  to  be  supremely  great  and 
glorious. 


2  CAUSES  WHICH  LBD  TO  [CHAF. 

In  process  of  time  these  83nnbol8,  by  withdrawing  the 
attention  from,  and  inducing  an  obliyion«of  the  original  object, 
usurped  the  place  of  that  which  they  were,  at  first,  intended 
only  to  represent  Thus  the  Sun,  Moon,  and  Planets  began, 
themselves,  to  be  considered  as  the  real  intelligences  which 
govern  the  world ;  consequently,  as  having  claims  to  the  right 
of  receiving  divine  hongurs :  and  they,  then,  were  represented 
by  terrestrial  objects  denoting  their  supposed  qualities  or 
attributes.  Diogenes  Laertius  %  asserts  that  the  ancient  Egyptians 
worshipped  the  Sun  and  Moon ;  designating  them  Osiris  and 
Isis,  and  representing  them  by  a  Scarabeus,  a  Dragon,  a  Hawk 
or  some  other  animal ;  and  Diodorus  Siculus  **,  says  that  they 
considered  those  luminaries  as  the  eternal  and  first  gods :  he 
adds  that  Osiris  signifies  many-eyed^  and  that  the  name  was 
given  in  allusion  to  the  rays  whiph  proceed  firom  the  sun  in 
every  direction  and  enlighten  the  earth. 

Tlie  identity  of  Isis  and  the  Moon  is,  however,  doubtfiil,  since, 
as  Dr.  Young  obscn-es,  the  name  given  by  the  Egyptians  to  the 
latter  is  masculine,  which  renders  it  unlikely  that  the  luminaiy 
should  have  been  worshipped  as  a  goddess ;  but  that  a  relation 
was  supposed  to  subsist  between  Isis  and  the  lunar  influence  is 
evident.  Diodorus  states  that  the  Egyptians  gave  horns  to  the 
goddess,  in  order  to  express  the  cuspid  appearance  of  the  moon 
when  she  is  in  the  increase  and  wane ;  and  also,  because  an  ox 
was  consecrated  to  her.  In  Chaldea  and  the  western  parts  of 
Asia,  according  to  Herodotus^,  and  Eusebius^,  the  sun  was 
worsliipped  as  king  of  Heaven,  under  the  name  of  Belus.  In 
Persia*  he  was  adored  under  the  denomination  of  Mithras,  and 
considered  either  as  the  image,  or  as  the  abode  of  Deity :  and 
Lucian'  states  that  there  was  in  Phcenicia,  a  great  temple 
dedicated  to  Astarto,  who,  as  he  was  informed  by  one  of  the  priests, 
was  beUcvcd  to  be  the  same  as  the  moon.  In  his  second  book, 
Diodorus  Siculus  also  informs  us  that  the  Chaldeans  assigned  a 
Divinity  to  each  of  the  portions  into  which  they  divided  the 
zodiac,  or  path  in  the  heavens  apparently  described  by  the  Sun 

*  In  Proceniio.  ^  DibliothecB  Hi»torica  Lib.  I.  MCt.  U. 
'  Clio  MCt.  181.                                    '  Prvp.  £vAng.  Lib.  L 

•  Strab.  Lib.  XI.     Plutarch.  De  hide  ct  Otiridc.        ^  De  Syria  Dea  Mot.  4. 
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ill  liis  annual  course ;  and  Plutarch,  in  the  treatise  above  qunterl, 
says  llipy  considered  the  seveu  planets  as  Gods,  of  wbicli  two 
wei'e  evil,  two  were  good,  and  the  reuiainiiig  three  were  in- 
different. The  celestial  bodies  'have,  in  all  succeeding  agf  f:, 
been  objects  of  adoration ;  and  they  probably  will,  in  times  to 
come,  continue  to  find  votaries,  till  the  knowledge  of  tlie  true 
religion  has  enlightened  every  nation  of  the  earth.  The  tm- 
lulored  savage  still  prostrates  himself  before  the  rising  sun,  or, 
with  tlie  observance  of  some  reUgiuUs  rite,  celebrates  the  prin- 
cipal phases  of  the  changing  intion. 

Almost  the  first  view  of  the  face  of  nature  must  have  shewn 
that  the  sun  exerts  a  most  powerful  and  beneficial  effect  upon 
the  earth,  by  producing  changes  in  the  temperature  of  the  air, 
iu  the  processes  of  vegetation,  and  in  the  habits  of  animals :  it 
must  also  have  shewn  that  these  efiects  depend  upon  the  posi- 
tion of  Uie  sun  in  the  heavens.  By  analogy,  therefore,  it  was 
not  unreasonable  to  supjiose  that  the  moon  and  stars  were 
productive  of  effects  similar  in  kind,  though  perhaps  inferior  in 
degree,  which  might,  like  those  produced  by  the  sun,  be 
ascribed  to  their  ^tualions  in  the  heavens,  and  might,  with  re- 
dpecl  to  die  moon,  be  conceived  to  vary  with  her  change  of 
figure.  These  opinions  being  once  entertained,  it  is  probable 
that  it  would  not  be  long  before  a  propensity  to  ti'acc  effects  to 
their  causes  would  lead  to  an  opinion  tliat  the  celestial  bodies 
were  tlie  powers  by  whose  influence  the  bothcs  on  the  earth 
were  endowed  with  the  properties  they  arc  observed  to  possess, 
and  which  could  not  be  accounted  for  by  any  discoverable 
agency.  From  hence  the  transition  was  easy  to  the  belief  that 
the  sun,  moon,  and  stars  were  the  causes  of,  or  were  influ- 
ential in  developing  the  physical  and  moral  quahties  of  man 
himself.  Proofs  of  the  existence  of  such  opinions  at  an  early 
time,  are  found  in  the  works  of  several  ancient  authors:  accord- 
ing to  Diogenes  Laertius",  Hecateus  of  Miletus,  who  is  supposed 
to  have  lived  in  the  sixth  century  before  Christ,  in  his  treatise 
on  the  Philosophy  of  the  Egyptians,  ascribes  to  tliat  i>cople  the 
opinion  that  the  stars  ore  of  fire,  and  that  by  their  influence  all 
things  in  the  earth  are  produced.     Sextus  Empiricus  asserts 

"  In  Priwein. 
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also*)  that  tlie  Chaldeans  conceived  the  seven  planets  to  be  the 
causes  of  whatever  happens  to  men,  and  whatever  is  admirable 
on  the  eartli.  And  ManiUus,  at  the  beginning  of  his  poem,  has 
the  following  line  expressing  the  ancient  and  almost  miiversal 
notion  of  tlie  power  of  the  celestial  bodies  on  the  lives  of  men : 

"  et  conscia  fati 

Sidera,  di  versos  hominum  variaiitia  casus.**  ^ 

Since  the  perceptible  influences  of  the  two  great  luminaries 
in  the  heavens  seemed  to  depend,  in  a  great  measure,  upon  their 
situations,  which  were  distinguished  -by  the  neighbourhood  of 
particular  clusters  of  stars,  it  was  also  a  natural  supposition  that 
these  influences,  as  well  as  tliose  of  the  planets,  should  be  pro- 
duced by  the  action  of  tlie  heavens  themselves ;  that  is,  probably, 
by  the  energies  of  the  deities  imagined  to  be  there  residing.  In 
fact,  we  find  that  certain  divisions  of  the  heavens  lying  near  the 
ai)parent  paths  of  the  sun,  moon,  and  planets,  were  supposed 
to  be  the  causes  of  heat  or  cold,  dr^Tiess  or  moisture  on  the 
eartli ;  and  tliat  the  conjunctions  of  planets  in  tliose  divisions 
were  conceived  to  be  indications  of  the  physical  effects  to  be 
produced  by  such  powers  in  the  heavens.  Diodorus  Siculus, 
in  the  second  book  of  his  history,  asserts  tliat  the  Chaldeans, 
froui  long  continued  obsen'ations  of  the  stars,  and  from  an 
exact  knowledge  of  their  motions,  were  enabled  to  predict  future 
events ;  that  they  ascribed  the  greatest  efficacy  to  the  five 
planets,  or,  as  they  called  them,  inteqireters,  which,  by  their 
risings,  settings,  and  conjunctions,  announce  to  men  the  will  of 
the  gods ;  so  that  by  an  attentive  consideration  of  the  planets, 
tliis  people,  he  observes,  could  foretell  the  occurrence  of  earth- 
quakes, tempests  of  wind  and  rain,  and  all  tlie  various  phe- 
nomena of  tlie  atmosphere,  as  well  good  as  evil ;  to  which  he 
adds,  the  eclipses  of  the  sun  and  moon,  and  the  appearances  of 
comets. 

But  the  changes  affecting  the  constitution  of  the  earth  itself 
were  supposed  to  depend,  in  like  manner,  upon  the  aspects  of 
tlie  heavenly  bodies ;  for  we  are  told  by  Seneca,  that  a  certain 
Berosus  (a  Chaldean  philosopher,  whom  he  supposes  to  have 
been  ccmiemporary  with  Belus)  had  i)redicted  a  conflagration 

"  Advereus  Alath.  cap.  21.  ^  Astronomicon,  lAb.  I.  rer.  1. 
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and  deluge,  both  of  which  were  to  be  universal ;  Uie  foniier,  lo 
tale  place,  when  all  ihc  planets  were  in  conjunction  in  Cancer, 
and  the  latter,  when  in  Capricorn ;  and  in  later  limes,  a  disciple 
of  Albertus  Magnus  prelendod  to  find  by  computation  tliat, 
before  the  Noachian  <leliige,  lliere  was  a  conjunction  of  Saium 
and  Jupiter  in  one  of  the  sujjposed  watery  eigne,  by  which,  he 
said,  thai  catastrophe  mi(;ht  have  been  foretolil. 

The  opinion  that  the  earth,  or  rather  the  physical  condition 
of  its  surface,  has  been  many  times  successively  destroyed  and 
renewed,  originated,  probably,  in  ihe  obsenation  that  llie 
revolutions  of  the  sun  regularly  brought  with  them  a  retiUTi  of 
the  seasons  in  the  same  order ;  n'hcnce  it  might  be  inferred,  as 
soon  as  it  was  known  that  the  stars  assumed  nearly  the  same 
arrangemenls  at  the  end  of  certain  intervals  of  lime,  thai  the 
arrangement  which  existed  at  the  commencement  of  tlie  present 
slate  of  the  earth  would  again  exist  at  its  termination ;  that  a 
new  stale  would  aftiTwards  arise  which,  in  like  manner,  would, 
after  some  certain  interval,  also  come  to  an  end,  and  so  on  for 
ever.  The  conjunctions  of  planets  were,  nalurally,  al  first,  con- 
sidered as  causes  or  signs  of  these  changes;  and  when  the  pre- 
cession of  llie  fixed  stars  became  laiomi,  the  lime  of  their 
revolution  was,  as  finnly,  believed  lo  coincide  willi  the  duration 
of  each  terrefitrial  period. 

The  conjunctions  and  oppositions  of  planets  and  ihe  ap- 
pearances of  remarkable  stars  were  also,  til!  the  birth  or  revi\al 
of  sound  philosophy,  considered  as  causes  or  tokens  of  changes 
abont  lo  lake  place  in  political  societies.  The  comet,  for 
example,  which,  to  tlie  eye  of  superstition,  appeared  suspended 
like  a  swonl  over  Jerusalem  before  ils  destruction  by  Tilus  and 
the  ruin  of  the  Jewish  nation,  has  been  often  quoted  as  a  presage 
of  the  horrors  that  were  soon  to  overwhelm  that  devoted  city 
and  ])eo])]e. 

From  Uic  poem  of  Manilius  which  abounds  in  doctrines 
relating  to  the  celestial  influences,  drawn  from  notions  very 
anciently  prevalent,  we  Icam  tliat  tlie  parts  of  the  heavens,  lying 
in  and  near  the  Zodiac,  which  liai>pened  lo  appear  above  the 
hoiizou  at  Uie  birth  of  a  child,  were  supposed  to  dotenuiuu  Itis 
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character  and  fortune  daring  life*.  But  the  interest  of  the 
human  race  in  the  regions  beyond  the  earth  was  not  solely 
derived  from  the  opinion  that  man  is  the  subject  of  a  temporary 
influence  from  thence.  Those  regions  were  in  early  times  con- 
sidered as  his  proper  abode:  ignorant  of  his  origin.  Vanity 
suggested  the  fancy  that  his  ancestors  descended  from  the 
heavens  or  from  the  celestial  bodies  they  contain;  and  Hope 
inspired  the  idea  that,  after  death,  he  should  there  rejoin  the 
spirits  of  those  to  whom,  on  earth,  he  had  been  attached  by 
sentiments  of  esteem  and  affection. 

Independently  of  the  interest  excited  by  the  phenomena  of 
the  heavens  from  the  causes  just  mentioned,  we  can  conceive 
that  the  important  advantages  derived  frx)m  the  sun  as  a  regtilator 
of  the  operations  of  husbandry  and  the  affairs  of  the  pastoral 
life;  from  the  moon  which  supplies  the  place  of  the  sun  by 
night,  and  from  the  stars  which  enable  the  traveller  to  direct  his 
course  across  the  pathless  desert  or  ocean,  must  have  led,  early, 
to  the  study  of  the  appearances  and  movements  of  the  celestial 
bodies.  Thus  originated  the  science  of  astronomy,  which  the 
ancients  seem  to  have  connected  with  almost  every  thing  useful 
in  society.  It  teaches,  observes  Clemens  Alexandrinus  **,  the 
figure  of  the  imiverse,  the  revolutions  of  the  heavens,  and  the 
risings  and  settings  of  stars ;  by  it  are  discovered  the  returns  of 
the  seasons  and  the  changes  of  tlic  air,  and  on  it  depend  the 
arts  of  navigation  and  architecture ;  and  before  his  time  it  had 
been  remarked  that  astronomy  was  not  less  necessary  to  the 
military  art  than  to  agriculture  and  navigation^.  It  may  be 
added,  that  astronomy  was  soon  incorporated  with  the  religions 
of  the  heathen  world  by  the  priests,  who  were  some  of  the  first 
observers ;  and  it  is  probable  tliat  much  of  the  fabulous  history 
of  the  gods  and  heroes  consists  of  allegorical  descriptions  of  the 
phenomena  of  the  heavens,  and  of  the  operations  of  nature  on 
the  face  of  the  earth. 

Man  being  stimulated  by  a  perpetual  desire  to  improve  his 
physical  and  intellectual  condition ;  being  gifted  by  his  Maker 

•  Actnmoroioon,  Lib.  IV.  V.  ^  Stromatum,  Lib,  VL 

«  PUto,  JH  RepubUca,  Lib.  VIL    Polxb.  Lib.  IX. 
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with  the  faculty  of  recalling,  in  imagination,  events  passed  away, 
and  of  anlicipaling  tliose  which  are  to  come ;  being  also  acutely 
sensible  to  the  fear  of  misfortune  and  the  hope  of  happiness, 
the  removal  of  the  veil  which  has  been  drawn  by  Providence 
between  the  present  and  tlie  future  is,  naturally,  an  object  of  his 
earnest  solicitude.  And,  it  being  supposed  that  the  accomplish- 
ment of  this  end  was  capable  of  attainment  by  a  right  inter- 
pretation of  the  book  of  nature,  exhibited  in  the  skies,  the 
phenomena  of  the  heavens  were  attentively  stuihed  for  that 
purpose;  this  gave  birlh  to  tlie  vain  profession  of  astrology 
which,  holding  out  the  prospect  of  gratifying  one  of  tlie  strongest 
propensities  of  human  nature,  was  from  the  earliest  time, 
cultivated  with  ardent  zeal.  The  practice  of  foreteUing  fiiture 
events  by  the  stars,  which  is  founded  on  tlic  opinion  that  man 
is  a  passive  being  and  that  his  moral  as  well  as  physical 
condition  is  subject  to  the  induence  of  the  material  heavens, 
consequently  the  result  of  necessity,  continued  to  prevail 
throughout  the  civilized  world  till  the  last  century  when,  by  a 
general  diflusion  of  the  knowledge  of  the  true  system  of  the 
universe,  its  absurdity  became  manifest;  and  the  art  being 
overthrown  by  tlie  united  arms  of  reason  and  ridicule,  its 
adherents  have,  since,  ceai^d  to  be  considered  otherwise  tlian 
as  dupes  or  impostors. 

The  various  offices  to  which  the  visible  phenomena  of  the 
heavens  were  made  subservient,  early  gave  rise  to  the  institution 
of  a  class  of  men  for  the  purpose  of  watching  the  risings  and 
settings  of  slars.  'Ihc  vigils  of  these  persons  happily  procured 
an  accnmtUation  of  facts  which,  while  they  at  first  only  con- 
tributed to  the  advancement  of  some  of  the  usefid  arts,  were 
destined  to  be  the  material.''  by  which  astronomy  was,  in  after 
ages,  to  be  raised  to  its  present  lofty  station  and  rendered  the 
most  stupendous  monument  of  human  intellect. 

Indications  have  been  drawn  from  the  Book  of  Job,  and 
particularly  from  that  passage  in  which  the  Deity,  when 
vindicating  his  power,  calls  on  the  Patriarch  to  say  if  ho  can 
bind  the  delights  of  C'himah  and  loosen  the  bands  of  Chesil ', 
lo  ehew  that  the  people  of  the  East  very  anciently  paid  some 
•  Ch.  XXXV)  I L 
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attention  to  the  phenomena  of  the  heavens  on  account  of  their 
connexion  with  the  vicissitudes  of  the  seasons.  Now  those 
terms  are,  by  the  Septuagint,  taken  for  the  names  of  stars  or 
constellations,  for  they  have  rendered  the  foimer  by  the  Pleiades 
and  the  latter  by  Orion ;  and  though  it  is  true  that  the  particular 
stars  or  assemblages  of  stars  which  the  terms  indicate,  are 
uncertain,  yet  the  sense  of  the  passage  seems  to  require  that 
they  should  be  such  as  have  some  relation  to  tlie  effects  of  the 
sun  on  the  earth  in  opposite  seasons  of  the  year.  Parkhurst, 
however,  conceives  that  C/iimah  may  be  intended  to  signify 
the  heat  of  summer,  by  which  all  the  delicacies  of  nature  are 
produced ;  and  the  bands  of  Chesily  the  T^dnter's  cold,  which 
restrains  their  development ;  but  this  ingenious  explanation  can 
scarcely  be  received  without  hesitation  on  account  of  the 
improbability  that,  in  the  age  of  the  LXX,  the  knowledge  of 
the  precise  meanings  of  tlie  Hebrew  words,  should  have  been 
80  far  lost  that  men,  learned  in  the  language,  could  mistake 
those  used  to  express  heat  and  cold  for  the  names  of  celestial 
bodies  or  figures.  If  we  consider  Chimah  to  signify  the 
Pleiades,  and  if,  with  M.  Bailly  %  we  infer,  from  thence,  that  the 
effect  produced  by  their  "  sweet  influences  "  means  the  genial 
spring,  whose  return  might,  in  those  days,  he  supj>oses,  be 
accompanied  by  the  heliacal  rising  of  that  cluster,  or  its  first 
appearance  in  the  east  a  short  time  before  sun -rise ;  it  would 
seem  to  follow  that  ChesU  signifies  some  constellation,  as 
Scorpio,  which,  by  the  presence  of  the  sun  in  it,  was  supposed 
to  produce  an  effect  on  the  seasons  contrary  to  that  which  takes 
place  when  the  luminary  is  in  Taunis.  Bailly,  pursuing  his 
idea,  imagines  that  the  rising  of  the  Pleiades  witli  tlie  sun 
coincided,  in  that  age,  with  the  arrival  of  the  latter  at  the  vernal 
equinox  ;  tliat  is  with  the  connnencement  of  the  spring ;  and  he 
finds  by  computation  that,  in  the  latitude  of  the  place  where  Job 
is  8Uj)po8ed  to  have  dwelt,  the  phenomenon  occurred  about  -Che 
year  3000  Before  Christ ;  it  would  follow,  if  the  interpretation 
and  hypothesis  were  just,  that  the  time  at  which  tlie  Patriarch 
lived,  or  in  which  the  Book  bearing  his  name  was  >\Titten,  was 
anterior  to  the  epoch  usually  assigned  to  the  Noachian  deluge. 

*  Attronomie  Anclenne  Eclairciw.  Liv.  IX.  lect.  & 
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It  must,  however,  be  admitted  that  detormtiiatiDBS  founded  on 
such  uncertaLiQ  premises  are  any  tiling;  but  conclusive, 

The  writings  of  tlie  Greek  and  Latin  pools  afford  many  evi- 
dent proofs  of  U»e  importance  attached,  by  tlie  ancients,  to  the 
study  of  i-ertmn  celestial  phenomena,  on  account  of  tlieir  con- 
nexion with  husbandry  and  navigatioD.  Hesiod,  the  earliest 
author  whose  precepts  concerning  rural  affairs  have  reached  our 
times,  says  that  com  should  be  reaped  at  the  [heliacal]  rising  of 
tlie  Pleiades ;  and  tliat  tlie  ground  should  bo  ploughed  at  tlieir 
[heliacal]  setting. 

n^nii*3iov  ^AT^ayrnuii  livnfM.tiniyidut, 
'A^X.^aff  a/^MTDU"  i^oTOio  «,  Junro/itvaiuv. 

K(«f  ilpa-rai  -. 
Now  Ilesiod  is  supjiosed  to  have  hved  about  tlie  year  900 
B.  v.,  and  tlie  situation  of  tliis  cluster  will  be  found,  by 
astronomical  fonnulie  to  have  been  then  such  that  its  heltaciil 
rising,  in  Greece,  must  have  taken  place  forty-three  days  after 
the  vcmal  equinox,  a  time  of  the  year  corresponfhng  to  about 
May  7  in  tlie  present  age :  but  tlie  han'est  now  commences  in 
that  country  in  tlie  beginning  of  June ;  wc  must,  therefore, 
eu]>])osc  that  the  seasou  in  which  the  com  ripened,  in  Greece, 
was  earlier  hi  tlie  time  of  Ilesiod  than  it  is  at  present.  The 
heliacal  setting  of  the  Pleiades,  or  their  thsappearance  in  the 
west  soon  ailcr  sun-set,  »rhich  served  to  designate  the  time  for 
ploughing,  took  place,  at  the  above  epoch,  four  days  after  the 
vernal  eciuinox:  and,  consequently,  tlie  interval  between  tlie 
heliacal  setting  and  the  heliacal  rising,  next  following,  was  about 
forty  dayp,  diuing  which  time  the  cluster  was  invisible  Irom  its 
proximity  to  the  gun. 

In  tlie  poetical  description  of  the  heavens  given  by  Aratus*", 
who  professes  to  have  paraphrased  a  work  of  Eudoxus  com- 
poseil  about  the  year  ;J70  B.  c,  the  fields  are  said  to  be  void  of 
com,  or  the  harvest  was  finished,  when  the  sun  entered  Leo, 
and  this,  in  the  age  of  the  last  mentioned  astronomer,  must  have 
been  about  seventeen  days  ailer  the  summer  solstice,  [July  12,] 
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a  circamstance  which  seems  to  confinn  the  ophdon  drawn  fix>m 
the  precepts  of  Hesiod,  concerning  the  time  of  hardest  in 
Givece.  The  season  of  the  vintage  is  said,  by  Hesiod*,  to  be 
when  Orion  and  Sirins  are  in  the  mid-heayen,  and  when 
Arctunis  rises  with  the  sun ;  and  if  the  longitude  and-latitude  of 
Arcturus  be  oblained  from  astronomical  formuhe  for  the  year 
900  B.  c,  it  win  be  found,  by  computation,  that  the  heliacal 
rising  of  this  star  took  place  about  eighteen  days  before  the 
autumnal  equinox,  that  is,  about  September  7  according  to  the 
pn^sont  reckoning. 

In  his  precepts  concerning  navigation,  Hesiod  states''  that 
fifty  davs  after  the  conversion  of  the  sun  in  summer  [summer 
solstice] «  the  weather  is  fiivourable  for  sea  voyages.  Aratns 
also  obson-es^  that  when  the  sun  is  in  Leo,  which  was,  in  his 
time«  alH>ut  the  same  season  of  the  year,  the  Etesian  winds  tend 
to  the  sea  and  tlie  use  of  oars  on  ship-board  may  be  superseded 
by  tliat  of  sails ;  and,  in  fact^  the  periodical  north-winds  prevail 
at  present  in  tlie  Licvimt,  at  that  season.  On  the  other  hand, 
Hesiod  obser>es**,  that,  when  the  Pleiades  rise  from  the  dark 
seas,  sailing  is  dangerous,  and,  on  account  of  the  violent  winds 
and  rain,  it  is  necessary  to  sail  in  large  vessels  well  provided 
with  stones,  [for  l>allast,]  and  to  work  much  at  the  pumps.  The 
rising  of  the  Pleiades  here  alluded  to  is,  no  doubt,  that  called 
acroHicrtly  which  takes  place  at  the  setting  of  the  sun ;  and,  in 
tlie  days  of  llesiod,  it  must  have  happened  fourteen  days  after 
the  autumnal  equinox  [Oct.  8] ,  when,  and  during  the  winter, 
it  is  known  that,  at  present,  the  south  winds  prevail  in  the 
Grecian  seas,  accompanied  by  storms  of  thunder  and  lightning. 
Aratus*,  designating  the  uufavourable  season  for  navigation, 
remarks  that  when  the  sun  is  in  Sagittarius,  and  the  Scorpion 
rises  hcliacally,  ships  must  not  sail  by  night.  Now  it  must  be 
obsen'cd,  that,  in  the  age  of  Aratus,  Uie  sim  entered  Sagittarius 
about  sixty  days,  and,  in  that  of  Ilcsiod,  about  fifty  days,  after 
the  autumnal  equinox ;  it  is  jirobable,  therefore,  that  Hesiod 
meant  to  ex])ress  tlie  commencement  of  the  season,  and  Aratus, 
the  time  when  the  violence  of  the  \i4nds  was  the  greatest 

•  Ojieni  et  Di«,  rer.  (MO,  *  Ibid.  ver.  612.  •  Phenomena. 

*  0|ierm«t  Diet,  ver.  61  a  *  Phenomena. 
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The  first  book  of  the  Gcorgica  abounda  in  precqjts  relating 
lo  husbanilry.  Al  ver,  219  the  poet  directs  tbat  die  soil  should 
be  prepared  for  com  when  the  Pleiades  set  in  the  moniing 
[acronically],  and  the  bright  star  in  the  Corona  Borealis  rises 
[heliacally] ;  phenomena  which,  in  the  time  of  Virgil  and  in  the 
latitude  of  Rome,  took  place,  respectively,  on  the  thirty-sixth, 
and  about  the  fifleenth  day  after  the  autumnal  equinox.  Also,  at 
verses  315  and  227,  he  recommends  that  tares  and  pulse  should 
be  sown  both  when  Canis  [Major],  and  when  Bootes,  probably 
meaning  the  star  Arctunis,  set  witlj  the  sun  [heliacally].  The 
first  of  these  phenomena  must  have  occurred  about  diirty-seven 
days  after  the  renial  equinox  [April  30],  and  the  latter  about 
forty-five  days  before  the  winter  solstice  [Nov.  9.].  Several 
rules  for  anticipating  the  weather  are  given  at  verse  424 ;  and, 
in  the  .£ueid,  allusions  are  made  to  the  indications  of  approach- 
ing tempests  and  rains  drawn  from  the  [heliacal]  risings  of  Orion 
and  the  Hyades. 

"  Ciua  lubito  lUBiirgeiiB  fluciu  iiimbiisiis  OHiin  "  *. 

And, 

"  Arctunini,  p[uTiai(|u«  Ilyulas,  gtiminoiqiie  Trioties  "  ^ 

The  nsing  of  Orion,  in  the  age  of  Virjjil,  took  place  about  six- 
teen days  after  the  summer  solstice,  and  that  of  Arcturus  about 
sixty  days  after  the  vernal  equinox.  Ovid,  in  the  Fasti,  draws 
tlie  like  indication  from  the  netting  of  Bootes  at  sun-rise,  which 
is  nearly  coincident,  in  time,  with  the  last  mentioned  phenomenon. 
Various  references  lo  the  risings  of  stars,  in  connection  witii 
agriculture,  are  also  to  be  found  in  the  work  of  Columella';  but 
the  phenomena,  as  well  as  some  of  tliose  mentioned  by  Virgil, 
appear  to  belong  to  an  earlier  age ;  and,  probably,  the  Roman 
autliors,  in  ignorance  of  tlie  changes  produced  in  tlie  times  of 
their  occurrence  by  the  slow  displacement  of  the  equinoctial 
points,  liave  introduced  into  tiieir  works  the  results  of  the 
observations  of  Eudoxus  or  some  mttre  ancient  astronomer 
without  noticing  that  they  had  ceased  to  corresjjond  with  the 
actual  state  of  Uie  heavens. 

Sophocles  ascribes  to  Palamcdes,  one  of  the  heroes  of  the 
Trojan  war.  a  knowledge  of  the  courses  of  the  stars,  the  [daily] 

•  £iieiilu3  I,il>.  I.  ter.  5U9.        "  V-U.  vre.  TJII,        '  l>e  Re  Ruilit*,  Lib.  IX. 
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revolution  of  the  Bear  and  the  setting  of  the  Dog  star ;  and  this 
knowledge  he  is  supposed  to  have  imparted  to  the  Greeks  for 
their  use  in  navigation*.  From  Aratus**  we  leam  that  the 
Phenicians  made  use  of  the  stars  of  Ursa  Minor,  which,  though 
less  hrilliant  than  those  of  Ursa  Major,  afforded  a  more  certain 
indication  of  the  northern  part  of  the  horizon  on  account  of  their 
greater  proximity  to  the  pole :  and  this  circumstance,  which  is 
alleged  as  a  proof  of  the  superior  science  of  the  Phenicians,  is 
confirmed  by  the  following  verses  of  Callimachus^. 

KaJ  TJjf  oLfMa^Yii  eXEyero  CTaQfjivia-aa'dat 
Toug  a(rrB^l<rxoug^  J  TrXsouai  ^olvixtg, 

Manilius,  also,  speaking  of  Ursa  Major  and  Minor,  says  they 

occupy  the  extremity  of  the  earth's  axis  [in  tlie  heavens],  and 

guide  the  mariners  over  the  vast  sea. 

*^  Summa  tenent  ejus  miseriit  notissima  nautis 
Signa,  per  imniensum  cupidos  ducentia  pontum  :**  ^ 

The  above  quotations  may  suffice  to  ])rove  tliat,  at  an  early 
period,  motives  were  not  wanting  to  induce  men  to  study  the 
visible  phenomena  of  the  heavens  with  considerable  attention. 

In  the  first  ages  of  the  world  the  circumstances  recjuiring  a 
knowledge  of  celestial  phenomena  must  have  been  but  few, .  and 
the  obser\ations  which  then  could  have  been  made,  must, 
necessarily,  have  been  of  the  most  simple  kind.  Though  we 
have  no  positive  knowledge  of  their  nature,  yet,  fi*oni  what  we 
can  imagine  of  the  wants  of  men  emerging  from  a  state  of  com- 
plete barbarism,  we  may  safely  conclude  that  tliey  consisted  in 
noticing,  at  night  and  morning,  such  risings  and  settings  of  stars 
as  those  above  mentioned.  But  it  is  easy  to  conceive  that  it 
would  not  be  sufficient  to  know,  by  the  heavens,  the  arrival  of 
the  season  for  the  perfonnance  of  any  of  the  labours  of 
agriculture,  or  for  undertaking  a  voyage  to  some  distant  country; 
it  would  also  be  necessary  to  ascertain  long  before  hand  wlien 
such  seasons  would  occur.  Unit  time  might  be  afforded  to  make 
the  necessary  preparations  for  the  work  or  the  navigation  :  and 
we  can  imagine  that  it  would  be  indispensable  to  know,  nearly, 
the  times  of  tlie  returns  of  heat  or  cold  in  order  to  be  enabled  to 

*  Achilles  Tatius,  Isagogc  ad  Phipn.  Cap.  I.  in  the  Uranologia  of  Peuviiis. 

^  Phenomena.     *  Diog'  I^^ert.  in  vita  Thai.      ^  Antronomioon,  Lib.  I.  rer.  301. 
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lake  the  requisite  precauIioiiB  against  the  inconveniences  they 
produce,  A  few  successions  of  summer  and  winter  would 
stiflice  to  shew  that  tlie  reliiniB  took  place  at  the  end  of  nearly 
equal  intervals  of  time,  for  which  the  number  of  risings  and 
settings  of  the  sun  would  aiford  a  measure;  and  it  would,  hence, 
no  doubt,  bo  early  attempted  to  keep  a  register  of  such 
phenomena  for  the  purpose  of  aeqiiiiing  more  readily  a  know- 
ledge of  the  recurrence  of  the  seasons ;  the  importance  of  whicli, 
in  many  respects,  would  render  it  dearablo  tliat  they  should  be 
anticipated  with  sonie  degree  of  precision. 

The  exact  period  to  which  the  infancy  of  astronomy  should 
be  referred  has  been  a  subject  of  serious  dispute ;  the  pnigress 
of  the  science,  in  Greece,  from  a  state  of  extreme  simplicity, 
can  be  distinctly  traced  in  the  biographical  accounts  we  possess 
of  tlie  first  pliilosophcrs  of  that  nation,  and  in  tlio  MTitings  of 
those  among  llieui  who,  subsequently,  devoted  themselves  in  a 
particular  manner  to  the  study  of  llic  movements  of  the  heavenly 
bodies :  and,  though  the  earliest  notices  of  Uiese  subjects,  in  the 
Greek  autJiors,  are  accompanied  by  indications  that  they  were 
drawn  from  more  ancient  sources  in  Choldea  and  Egypt,  yet 
there  is  nothing  in  them  to  shew  that,  in  the  latter  countries  and 
in  those  times,  the  science  had  advanced  beyond  its  first  ele- 
ments :  hence  it  has  been  almost  universally  concluded  tlmt  the 
origin  of  astronomy,  like  that  of  all  the  arts  essential  to  the  con- 
venience of  man,  may  be  referred  to  a  |>eriod  subsequent  to  that 
which,  from  the  evidence  of  authentic  history,  is  usually  con- 
sidered as  the  epoch  of  liis  first  abode  on  the  earth.  .But  cir- 
cumstances, related  in  the  works  of  some  of  tlie  Greek  historians, 
and  certain  documents  brought  within  the  last  century  fi-om  the 
East,  have  given  rise  to  an  opinion  that',  in  an  age  far  more 
remote,  astronomy,  ni  all  that  concerns  the  observed  motions  of 
Uie  sun,  moon,  and  planets,  was  in  a  slate  of  perfection,  capable 
of  bearing  comparison  nith  that  of  the  present  <lay.  This  hy- 
pothesis has  been  maiutauied  both  in  France  and  Britain  witli 
great  piausibihty  of  argument ;  but,  not  only  have  recent  in- 
tesligations  made  it  evident  that  the  reaaoninys  by  which  it  was 
supposed  to  he  established  are  eulircly  inconclusive,  in  order  to 
reconcile  the  hypothesis  ivith  the  jircsent  low  condition  of  the 
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science  in  those  parts  of  the  world  where,  in  times  antecedent 
to  any  of  those  referred  to  in  history,  it  is  supposed  to  have  been 
so  highly  cultivated,  it  has  been  assumed  that  some  great  re- 
volution has  destroyed  the  once  existing  monuments  of  that 
ancient  learning,  and  even  of  the  nations  themselves,  among 
whom  it  is  pretended  to  have  flourished;  an  assumption,  for 
which,  it  is  needless  to  say,  there  is  not  the  least  foundation. 

The  historical  evidences  which  have  been  alleged  in  favour  of 
this  very  ancient  astronomy,  are  those  ftunished  by  Diodorus. 
Siculus,  who  *  observes  that  the  Chaldeans  pretend  to  have  made 
observations  of  the  stars  during  a  period  of  473,000  years  pre- 
viously to  the  expedition  of  Alexander  into  Asia;  by  Diogenes 
Laertius,  who  asserts**  that  the  Egyptians  reckoned  48,863  years 
between  the  reign  of  Vulcan  and  that  of  Alexander,  during  which 
they  had  observed  373  eclipses  of  the  sun,  and  832  eclipses  of 
the  Moon;  and  by  a  passage  in  Pliny  ^,  which,  when  corrected, 
shews  that  the  Babylonians  had  made  celestial  observations 
during  a  period  of  720,000  years,  according  to  Epigenes,  and  of 
490,000  years,  according  to  Berosus  and  Critodemus.  The  an- 
tiquity which  these  periods,  if  considered  as  real,  would  oblige 
U8  to  assign  to  the  origin  of  astronomy,  and  consequently  of  the 
human  race,  though  enormously  great,  is  not  more  extravagant 
than  that  which  is  implied  in  the  fictitious  chronologies  of  the 
Eastern  nations.  If  we  turn  to  Eusebius,  we  find  ^  that,  ac- 
cording to  the  relation  of  a  real  or  pretended  Berosus,  between 
Alorus  the  first  king  of  Chaldea,  and  Xisuthrus,  under  whom 
occurred  a  great  deluge,  which,  as  Eusebius  supposes,  was  that 
mentioned  by  Moses,  there  had  elapsed  120  sari,  each  of  which 
is  said  to  have  been  equal  to  3,600  years,  and  the  whole  in- 
terval to  43  myriads  of  years  [432,000].  It  is  also  related  in  the 
same  work,  on  the  authority  of  Manetho,  an  Egyptian  priest 
who  lived  in  the  reign  of  Ptolemy  Philadelphus,  that  the  first 
sovereign  in  Egypt  was  the  Sun,  after  whom  followed  in  suc- 
cession, Saturn,  Osiris,  Horns,  and  others,  till  the  throne  was 
filled  by  Bitis ;  and  that  the  whole  extent  of  the  period  during 

•  BibUoth.  Hilt.  lib.  II.  b  j„  ProcBmio. 

*  N«t.  Hin.  lib.  VII.  cap.  56.  *  Chronioon,  Para  I. 
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which  this  race  of  kings  reigned,  who  are  designated  principal 
deities,  was  equal  to  13,900  years:  to  Uicm  succeeded  llie  races 
of  demi-gods  and  Manes,  who  respectively  governed  the  country 
during  6,212  and  3,813  years,  when  .Egyptus  established  anew 
dynasty ;  so  that  the  whole  number  of  years  elapsed  between 
the  reign  of  the  Sun  and  that  of  ^£gyptus,  who  is  supposed  by 
Eusebius  to  have  been  the  same  as  Mizraim  the  son  of  Ham, 
was  24,925.  The  historian  Syncellus  agrees  with  Eusebius  in 
the  duration  he  assigns  to  the  Chaldean  monarchy,  but  the 
former  makes  the  iuleii'al  from  the  reign  of  the  Sun,  in  Egypt, 
to  lliat  of  Nectanebus  (about  -950  years  before  Christ},  equal  to 
36,525  years:  all  these  numbers,  however,  fall  far  short  of  tboE? 
which  are  presented  to  us  in  the  writings  of-  the  Hindus,  where 
the  three  first  ages  of  the  world  include,  it  is  pretended,  an  in- 
terval of  3,888,000  years,  which  is  supposed  to  have  terminated 
with  the  year  3102,  b.c.  '  The  mind  recoils  from  the  contem- 
plation of  these  immense  periods,  unbroken  by  a  single  trace  of 
the  works  of  man,  which,  according  to  the  hyjiothesis,  must 
have  passed  away  witJi  the  accumulated  treasures  of  art  and 
science,  and  must  have  left  the  men  of  succeeding  limes  to  begin 
the  career  of  discovery  as  though  tlie  race  had,  at  the  origin  of 
the  present  state  of  things,  been  iirst  called  into  existence. 

The  improbability  that  all  the  discoierics  made  during  such 
long  succes:nons  of  ages  could  be  completely  sunk  iji  oblivion, 
affording  at  once  an  argument  against  the  reality  of  those  pe- 
riods ;  it  seemed  to  follow,  eillier  that  the  periods  were  unfoimded 
fictions,  or  that  the  term  year,  wliich  serves  as  the  unit  of  their 
measure,  represents  some  certain  portions  of  time  different  from 
that  to  which  it  is  now  constantly  applied.  The  first  of  these 
two  opinions  would,  periiaps,  be  Uiougbt  to  remove  the  difficulty 
loo  easily ;  the  latter  is  rendered  highly  probable  by  the  consi- 
deration that  a  year  signifies  any  revolution  of  time,  and  tliat  it 
was  a  verj'  common  practice  among  the  ancients  to  assign  tlie 
same  denomination  to  divisions  of  time,  of  very  different  lengtiis: 
Eusebius  asserts  "  that  the  years  of  tlie  ancient  Egyptians  were 


*  Bailly,  Attranoniie  Indienne,  Disc  Prelim,  page  liii 
►  Chroiiicon,  Par*  I. 
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called  lunar,  and  that  each  consisted  of  thirty  days ;  this  value 
he  applies  to  the  years  in  which  he  has  expressed  the  duration 
of  the  Egyptian  monarchy,  and  multiplying  the  number  of  them 
by  ■ssVhj'i  ^^  finds  them  equal  to  2,047  solar  years,  which  he 
conceives  to  agree  nearly  with  the  Hebrew  chronology.  Dio- 
dorus  Siculus,  speaking  of  the  duration  of  the  world*,  says,  the 
years  by  which  it  was  expressed  consisted  of  three  months  each, 
and  his  assertion  is  confirmed  by  Censorinus,  who  states  **  that 
such  years  were  first  formed  by  Horus,  and  were  fi-equently  used 
by  the  Egyptians ;  the  latter  also  adds  tliat  the  Carians  and 
Acamanians  had  years  of  six  months  each.  A  passage  quoted 
by  Syncellus  shews  that  the  Egyptians  also  gave  the  name  of 
year  to  the  space  of  one  day ;  and  among  the  ancient  Hindus  we 
find  traces  of  years  consisting,  each,  of  fifteen  days*^,  of  one  day, 
and  even  of  a  small  fi^ction  of  a  day.  Now  by  employing  one 
or  another  of  these  values  of  a  year  according  to  circumstances, 
M.  Bailly,  and  others,  have  endeavoured  to  reduce  the  lengths 
of  those  great  periods  within  the  limits  of  probability,  but  it 
must  be  admitted  that  tlie  adaptations  are  often  arbitrary,  and 
the  subject  will  certainly  be  for  ever  involved  in  the  deepest 
obscurity. 

Bailly  divides  the  period  of  36,525  years  quoted  above,  from 
Syncellus,  into  four  parts,  of  which  the  first  constitutes  the  du- 
ration of  the  reign  of  the  Sun  in  Egypt;  the  second,  that  of  the 
twelve  principal  deities,  and  tlie  tliird  is  assigned  to  the  eight 
demi-gods  and  the  sovereigns  who  preceded  Nectanebus.  He 
considers  each  of  the  years  in  the  first  division  to  be  equal  to 
the  time  of  a  sidereal  revolution  of  the  moon  ;  each  of  those  in 
the  second  division  to  consist  of  three  months,  and  all  the  rest 
to  be  really  solar  years ;  the  sum  of  the  years,  in  the  three  di- 
visions, when  thus  reduced,  gives  5,782  years  from  the  com-> 
mcncemcnt  of  the  reign  of  the  Sun,  or  from  the  origin  of  the 
Eg}'ptian  monarchy,  to  the  time  of  Nectanebus  **.  In  like  man- 
ner, the  period  of  48,863  years,  which  is  stated  by  Diogenes 


•  Biblioth.  Hist.lih.  I.  »»  De  die  natali,  cap.  IC 

*  Quintus  Curtius,  lib.  VIII.  cap.  0. 

**  Antronomie  Andenne  EcIairciBS.  liv.  I.  sect.  13. 
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Lacrtius  to  have  elapsed  between  the  reigns  of  Vulcan  in  Egypt, 
and  of  Alexander  the  Great,  is  rediiLtil,  by  Bailly',  to  5807 
years;  and  llie  120  sari  of  Itcrosus  are  reduced  to  2151  solar 
years,  by  supposing,  with  Suidas,  that  the  saros  is  equal  to  18J- 
lunar  years,  of  354  days  each.  The  720,000  years  supposed  by 
Epigcmes  to  have  elapsed  since  tlie  Chaldeans  began  the  prac- 
tice of  obserilng  the  stars,  being  considered  by  Bailly ''  as  years 
of  one  day  each,  are  equal  to  1971  solar  years,  a  number  coin- 
ciding with  tlial  assigned  to  the  period  within  which  were  con- 
tained the  celestial  observations  said  to  have  been  made  at  Ua- 
bylon,  and  which,  according  to  Sioiplicius  ',  were  sent  by  Cal- 
listhencs  to  Aristotle.  With  respect  to  Uie  Hindu  period  above 
mentioned,  M.  Bailly  supposes''  that  the  years  of  tlie  first  age 
were,  each,  equal  to  half  a  day,  and  those  of  the  second  and  third 
ages  to  one-eighth  of  a  day,  by  which  the  real  duration  of  the 
three  ages  is  made  equal  to  3103  solar  years ;  and,  as  these  ter- 
minate in  the  year  3102  before  Christ,  it  would  appear,  if  the 
hypothesis  could  be  depended  on,  that  the  ancient  Indians  sup- 
posed the  commencement  of  the  present  state  of  the  earth  to 
have  been  in  the  year  C205  before  the  Christian  era,  wliich  does 
not  dificr  much  from  the  two  epochs  foiuid,  as  above  stated,  on 
reducing  the  periods  given  by  Diogenes  Laertius  and  in  tlie 
Egyptian  chronielc, 

Additional  arguments  in  favoiu-  of  the  opinion  of  a  very  ancient 
astronomy  have  been  drawn  from  the  denominations  said  to  have 
been  assigned  to  the  zodiacal  constellations  by  the  Egyptians; 
and,  also,  from  the  astronomical  tables  which,  in  tlie  last  century, 
were  brought  from  India  to  Europe.  The  names  of  the  con- 
stellations being  imagined  to  express  the  principal  circumstances 
which  have  relation  to  the  climate  and  agriculture  of  Egypt 
when  the  sun  is  in  each  constellation,  respectively,  and  the  con- 
formity of  the  figures  to  the  subjects  signified  being  found  to 
hare  held  good  about  15,000  years  before  the  present  time;  it 
has  been  boldly  asserted  that  the  Egyptians  were,  then,  a  people 
sidlled  in  astronomy ;  and,  consequently,  that  they  must  have 
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cultivated  the  science  firom  a  period  still  more  remote.  The 
tables  profess  to  shew  the  places  of  the  sun^  moon^  and  planets 
at  a  period  which  ascends  to  above  3000  years  before  Christ; 
and,  as  it  is  supposed  that  these  places  were  determined  from  ob- 
servations which  therefore  must  have  been  continued  during  many 
previous  ages,  it  would  follow  that  the  origin  of  the  science  in 
that  country  must  have  been  long  antecedent  to  the  epoch  of 
the  tables  themselves. 

Thus  the  relations  of  unauthenticated  traditions;  infer^ices 
drawn  from  an  unfounded  surmise ;  and  astronomical  tables  pre- 
tending to  have  been  founded  on  phenomena  actually  observed, 
but  which  may,  as  probably,  have  been  formed  by  computations 
of  the  periods  of  phenomena  for  times  past,  from  data  furnished 
by  observations  made  in  a  comparatively  recent  age,  are  taken 
for  proofs  of  antiquity  sufficiently  convincing  to  outweigh  all 
the  evidence  which  written  history  has  conveyed  to  us :  though 
it  may  with  equal  probability  be  asserted  that  the  traditions  and 
the  tables  originated  only  in  the  vanity  of  a  people  who  thought 
its  national  glory  was  enhanced  in  proportion  as  the  commence- 
jneut  of  its  political  existence  was  referred  to  a  remoter  era. 

The  acquiescence  of  some  of  the  most  enlightened  philoso- 
phers of  Europe  in  the  claims  of  the  eastern  people  to  the  re- 
putation of  possessing  a  highly  cultivated  astronomy  at  such 
distant  periods  was,  perhaps,  owing  to  their  knowledge  of  the 
fact,  tliat  the  East  was  the  seat  of  learning  at  times  when  the 
people  of  Europe  were  in  a  state  of  barbarism,  and  to  a  preju- 
dice excited  on  being  made  acquainted,  for  the  first  time,  with 
monuments  of  science  obtained  from  distant  regions,  and  of 
unknown  dates,  but  appearing,  evidently,  to  be  the  works  of  a 
more  industrious  and  more  polished  race  of  men  than  those  now 
occupying  the  comitries  in  which  they  were  found.  And  as 
objects  which  appear  remote  and  ill -defined  to  Uie  eye,  are,  by 
some  error  of  judgment,  usually  supposed  of  greater  magnitude 
than  when  distinctly  seen ;  so,  to  whatever  has  its  origin  con- 
cealed in  obscurity,  we,  by  a  similar  prejudice,  always  assign  an 
antiquity  beyond  that  of  the  events  which  have  been  transmitted 
to  us  by  the  stream  of  authentic  history ;  thus  the  mystery  hang- 
ing over  the  epochs  of  the  works  in  question,  i«,  in  a  great 
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re,  the  cause  thai  a  superior  antiqtiit}'  has  been  ascribed 
lo  Uiem  than  they,  in  reality,  deserve. 

Witliout  staying,  then,  to  form  conjectures  concerning  tlie 
state  of  astronomy  in  times  antecedent  to  the  oldest  referred  to 
in  written  history;  because,  to  dwell  upon  that  which,  if  it  ever 
existed,  is  now  certainly  lost,  can  be  productive  of  neither  plea- 
sure nor  profit,  we  proceed  immediately  to  trace  the  rise  and 
progress  of  that  astronomy  which  has  been  for  many  ages  so 
succcssfiilly  cultivated  in  Eiuope;  and,  fortiuiat^ly,  for  attaining 
this  end,  there  exist  materials  enabling  the  enquirer  to  ascend 
to  its  very  origin. 
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CHAPTER  II. 

THE   FIRST   NOTICES  CONCERNING  ASTRONOMY. 

Possibility  of  an  Astronomy  before  the  Noachian  Deluge. — Ancient  dis- 
coveries inscribed  on  columns. — Astronomy  supposed  to  have  been  cultivated 

in  Chaldea  and  £gypt Notions  entertained  of  the  earth's  figure  by  the 

Greeks,  the  Persians,  and  the  Hindus. — ^Opinions  of  the  ancients  conoeming 
the  nature  of  the  universe. — The  tower  of  Belus  and  the  Egyptian  p3rramidt 
supposed  to  have  been  used  as  observatories. 

The  science  whose  first  dawnings  it  is  now  proposed  to  exhibit 
professes  to  acquaint  us  with  the  constitution  of  the  universe 
itself;  by  it  man  may,  in  idea,  leave  the  comparatively  diminu- 
tive spot  to  which,  during  his  natural  life,  he  is  confined ;  and, 
within  the  boundless  regions  of  indefinitely  extended  space, 
may  measure  the  distances  and  magnitudes  and,  even,  weigh  the 
masses  of  the  remotest  planets ;  and,  leaving  them,  can  ascend 
to  distances  compared  with  which  those  of  the  planets  fi*om  the 
earth  decrease  till  they  become  insensible  points,  where  he  may 
contemplate  the  arrangement  of  innumerable  orbs  which  the 
most  powerfully  assisted  vision  can,  here,  but  dimly  discern. 
By  this  science  some  of  the  deepest  rooted  prejudices  of  the 
human  mind  have  been  eradicated,  and  man  has  learned  to  dis- 
believe the  most  perfect  of  his  senses ;  he  has  been  forced,  by 
indubitable  evidence,  to  admit  that  the  soUd  and,  seemingly, 
quiescent  earth,  wiih  all  the  magnificent  works  of  art  and 
nature  on  its  surface,  is  incessantly  whirled  with  vast  rapidity 
about  the  sun,  and  that  the  motions  he  daily  observes  in  the 
heavenly  bodies  are,  in  most  cases,  directly  the  opposites  of 
those  with  Vhich  they  are  really  endowed ;  instead,  also,  of 
regarding  the  earth  as  the  chief  object  in  the  universe,  and  the 
sun,  moon,  and  stars  as  formed  only  in  subservience  to  it,  he 
is  made  to  perceive  that  he  occupies  one  of  the  least  orbs  in  the 
system  :  that,  in  fact,  he  is  a  native  of  one  of  the  smallest  pro- 
vinces belonging  to  the  great  empire  of  heaven. 

If  the  knowledge  we,  at  present,  possess,  of  the  system  of 
"e,  be  compared  mih  the  ignorance  which  for  ages  pre- 
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vailed  respecling  it,  it  will  be  impossible  not  to  feel  proud  of 
the  success  which  has  attended  the  recent  exertions  of  tbo 
liuDian  intellect ;  but  this  feeling  will  not  be  unaccompanied  by 
a  hnmiliating  regret  on  considering  how  impossible  it  is  for  us, 
in  this'bfe,  to  become  in  the  least  degree  acquainted,  except  by 
the  feeble  light  of  a  doubtful  analogy,  with  the  nature  and  pro- 
perties of  the  infinite  varieties  of  objects  with  which  no  one  can 
hesitate  to  believe  tliat  it  has  pleased  the  Deity  to  furnish  the 
celestial  orbs,  as  he  has  fiimished  the  earth  we  inhabit ;  j 
can  ihis  regret  receive  any  alleviation  but  from  the  hope  that  the 
immortal  spirit  of  man  is  destined  to  advance  continually 
towards  perfection,  and  to  proceed  as  far  as  created  beings  may 
be  permitted  to  go  in  the  investigation  of  the  Creator's  works 
when,  in  new  states  of  existence,  it  shall  be  endowed  with  the 
faculties  necessary  to  enable  it  to  comprehend  them. 

XndependenUy  of  the  direct  testimony  of  Josephus,  which, 
indeed,  we  ought  to  be  carefiil  not  to  consider  as  of  any  great 
weight,  it  may  be  considered  highly  probable,  from  the  pro- 
pensity of  man  to  seek  information  concerning  the  objects 
about  him,  and  fi'ora  the  traces  stiU  existing  of  ancient  observa- 
tinus  made  ui  tlie  East,  that  the  inliabitonts  uf  the  antediluvian 
world  had  acquired  some  knowledge  of  astronomy ;  and  it  may, 
oven,  be  admitted  that  some  written  or  traditional  account  of 
their  discoveries  was  transmitted  to  those  who,  subsequently, 
founded  the  first  monarcliies  in  t!ie  East,  tlirough  the  sun-ivors 
of  the  dreadful  catastrojihe  which  put  an  end  to  tlie  jsrevious 
state  of  things  on  the  earth ;  it  may,  therefore,  be  safely  con- 
cluded that,  after  the  dehige,  the  natives  of  the  Syrian  and 
Eg3rptiaji  plains  had  not,  entirely,  to  create  the  science  anew. 
But,  in  the  absence  of  any  information  concerning  the  learning 
of  the  men  before  tlie  Flood,  and  from  the  rude  notions  which 
seem  to  have  prevailed  during  several  ages  ailer  the  renovation 
of  the  human  race ;  we  may,  williout  impropriety,  consider 
aatronomy  as  in  its  infancy  when  the  posterity  of  Noali  left  the 
residence  of  their  fatlier  and  estabUshed  themselves  in  the  three 
great  regions  wliich  then  constituted  all  that  were  knoHTi  of  the 
earth. 
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The  passage  in  Josephus  idaling  to  the  existence  of  astzo- 
nomy  among  the  antediluvians  is  contained,  in  the  second 
chapter  of  the  first  book  of  his  Histoiy,  where  the  writer 
states  that  the  descendants  of  Seth  were  endowed  with  good 
dispositions  and  applied  themselves  to  the  contemplation  of 
celestial  subjects :  he  adds  that,  since  Adam  had  predicted  the 
destruction  of  all  things  on  the  earth,  once  by  the  violence  of 
waters  and,  again,  by  the  action  of  fire,  they,  lest  the  know- 
ledge of  these  subjects  should  be  lost  to  those  who  might  survive 
the  deluge,  constructed  two  columns,  one  of  brick,  and  the 
other  of  stone,  and  inscribed  their  discoveries  npon  theuL 
Josephus  alleges  that  one  of  these  columns  existed,  in  his  time, 
in  the  country  of  the  Seres,  but  where  that  country  was  situated 
is  now  unknown ;  and,  as  best  suited  the  purpose  of  modern 
authors,  it  has  been  supposed  to  be  some  district  either  in 
Upper  Egypt,  Syria  or  in  the  north-western  part  of  India. 
Before  the  use  of  paper  or  parchment,  the  practice  of  engraving, 
on  stone  or  metal,  the  relations  of  remarkable  events,  moral 
precepts  and  scientific  discoveries  was,  necessarily,  general ;  and 
hence  we  so  often  find  among  the  ancients  mention  made  of 
inscriptions  on  columns;  besides  the  instances  above-men- 
tioned we  may  observe  that,  according  to  Epigenes,  the  Baby- 
lonians preserved  the  accounts  of  their  observations  concerning 
the  stars  on  stones  or  bricks';  and  Diogenes  Laertius  relates 
that  Democritus  had  transcribed  his  moral  discourses  firom  the 
sculptiires  executed  on  a  pillar  in  Chaldea.  AchiUes  Tatius^ 
also  names  the  Egyptians  as  the  first  people  who  measured  the 
heavens  and  the  earth,  and  adds  that  they  wrote  the  result  of 
their  researches  on  columns  in  order  that  they  might  be  trans- 
mitted to  posterity ;  and  Eusebius^  quotes  a  passage  fix>m  the 
works  of  Manctho,  in  which  the  writer  asserts  that  he  had 
travelled  into  the  Seriadis,  or  the  country  of  the  Seres,  in  order 
to  examine  certain  inscriptions,  in  hieroglyphical  characters, 
traced  on  columns  which  had  been  raised  in  that  country,  pro- 
bably in  some  part  of  Egypt,  by  T^oth,  or  Hermes.    Nothing 

•  Pliny,  Nat.  Hut.  Lib.  VII.  Cap.  66. 

^  Tatiui,  Isogoge,  Cap.  I.  in  Petav.  Uranolog. 

*  Chronioon,  lib.  I. 


CONCEBMING    ASTBOPtOMY 


is  known  of  Uie  nature  of  these  inBcripliona,  nor  of  the  Hermes 
by  whom  it  is  said  they  were  executed;  but  Syn  cell  us  supposes, 
on  no  certiiin  foundation  liowever,  tliat  he  lived  before  the 
Deluge.  The  resemblance  between  the  words  Scth  and  Sothis 
has  led  to  an  opinion*  that  Josephus  took  his  account  of  the 
columns  erected  by  tlie  antedilunans  from  the  original  work  of 
Manetho,  and  this  is  not  impossible ;  it  may,  even,  be  sus|)ected 
that  the  prediction  wliich  the  Jewish  historian  has  put  in  the 
mouth  of  Adam  is  the  bmhc  as  that  of  the  destruction  of  the 
earth  by  a  deluge  and  conllagration,  which,  by  Seneca,  is 
ascribed  to  Betosus. 

Whatever  maybe  thought  of  the  tradition  related  byJosephus 
and  the  inscriptions  of  Hermes,  it  is  cert^,  from  the  testimony 
of  ancient  authors  and  from  the  known  taste  of  men  for  the 
contemplation  of  tlie  visible  heavens,  that  some  notions  concern- 
ing astronomy  must  have  been  acquired  immediately  after  the 
Flood  by  those  who  first,  in  Chaldea  and  Egypt,  united  them- 
selves in  societies.  Philo  relates  that  Terah,  the  father  of 
Abraham,  was  skilled  in  Astrology :  Josephus"  makes  the  Chal- 
dean philosopher  Berosus  assert  that  Abraham  was  a  man  of 
aoute  mind,  lliat  he  instructed  the  Egyptians  in  aritlmietic  and 
in  those  things  wliich  appertain  to  astrology  and  astronomy ; 
and  he  infers  that  these  sciences  were,  first,  transmitted  from  tlie 
Chaldeans  to  the  Egjptians,  from  whom  they  afterwards  passed 
lo  the  Greeks.  But  no  particulars  have  reached  us  concerning 
the  state  of  the  sciences  in  the  days  oftbose  Patriarchs,  and  we 
shall  hardly  be  justified  in  allowing  that  more  of  astronomy  was 
then  known  than  a  few  facts  relating  to  the  seasons,  or  the  times 
of  the  rising  and  setting  of  some  of  the  stars ;  as  much  as  this 
may  be  conceded,  for  it  might  easily  be  obtained  from  observa- 
tions made  by  the  naked  eye. 

The  opinion  that  the  first  elements  of  astronomy  were  ori- 
ginally brought  from  Chaldea  to  Egypt  seems  to  be  confirmed 
by  a  passage  in  the  fifth  book  of  Diodorus  Siculns,  where  it  is 
said  that  the  Heliadai,  or  descendants  of  tlie  buu,  a  people  thus 
designated,  no  doubt,  because  they  came  from  the  East,  excelled 
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Other  men  in  knowledge,  particularly  in  that  which  relates  to  the 
stars ;  that,  by  them,  the  art  of  navigation  was  cultiyated  and 
the  hours  divided  into  certain  courses ;  [probably  meaning  that 
the  day  was  divided  into  hours ;]  and  that  Actis,  one  of  this  race, 
arriving  in  Egypt,  built  Heliopolis  and  gave  to  it  the  name  of  his 
father.  It  is  added  that,  according  to  the  general  belief,  the 
Egyptians  acquired  from  him  a  taste  for  astrology,  which,  by 
ancient  authors  is  generally  confounded  with  astronomy;  and 
that  this  people  afterwards  cultivated  the  science  with  so  much 
assiduity  as  to  be  considered  its  inventors.  On  the  other  hand, 
Tatius*  asserts  that  the  Chaldeans  obtained  their  knowledge  of 
astronomy  from  the  Egyptians  and  ascribed  to  Belus  tbe  merit 
of  introducing  the  science  into  their  own  country. 

The  claims  of  the  Egyptians  to  the  honour  of  the  first  dis- 
coveries in  astronomy  are  also  mentioned  by  Diodorus,  who 
alledges**  that  the  people  of  Thebais  pretend  to  be  the  most 
ancient  of  men,  and  the  inventors  of  letters  and  astrology ;  he 
adds'  that  they  professed  to  be  acquainted  with  the  situation  of  the 
earth,  and  the  risings  and  settings  of  stars,  and  to  have  arranged 
the  order  of  days  and  months.  He  asserts  that  they  appear  to 
have  observed  accurately  the  eclipses  of  the  sun  and  moon; 
but  their  merit,  in  this  respect,  is  rendered  suspicious  by  the 
pretensions  he  says  tliey  made  to  the  art  of  divination  from 
celestial  phenomena,  and  to  the  power  of  predicting  with  cer- 
tainty every  ftiture  event. 

Again,  the  same  writer  states^  that  in  the  midst  of  Babylon 
a  temple,  of  great  height,  was  built  by  Semiramis  and  dedicated 
to  Belus,  or  Jupiter ;  and  that,  on  its  roof  or  summit,  the  Chal- 
deans contemplated,  and  exactly  noted,  the  risings  and  settings 
of  the  stars ;  and  we  arc  told  by  Proclus  that  the  Pyramids  of 
Egypt,  which  according  to  the  former  historian  had  existed  dur- 
ing 3600  years,  terminated  at  the  top  in  a  platform  on  which  the 
priests  made  their  celestial  obser\'ations.  From  these  relations 
it  would  a])pear  that  the  evidences  in  favour  of  both  Chaldeans 
and  Egyptians  are  so  nearly  equally  balanced  that  it  must  be 
imi)osHiblc  to  decide  between   their  conflicting  claims  to  the 

*  iMigogo,  cap.  I.  in  Petttv.  Uraiiolog.  **  Biblioth.  Hiit.  Lib.  I. 

<  Ibid.  Lib.  II. 
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honour  of  priori^,  in  their  application  to  observative  astronomy : 
when,  however,  we  consider  that  Asia  was  the  cratUe  of  tie 
human  race,  and  tliat  astronomy,  in  an  equally  nide  state,  was 
cultivated  at  the  same  time  in  Persia  and  India  as  well  as  in 
Egypt  and  Europe,  we  cannot  avoid  concluding  that  the  pro- 
babilities are  in  favour  of  the  former  people  ;  and  that,  from  the 
country  about  Babylon  as  a  centre,  tlie  science  radiated  in  every 
direction  with  the  people  who,  from  thence,  colonised  the  other 
parts  of  the  ancient  world. 

Though  it  seems  difficult  to  imagine  tliat  the  first  men  could 
avoid  recognizing  the  fact  that  the  earth  is  isolated  in  space,  ' 
seeing  that  the  celestial  bodies  must  perform  part  of  their  revo- 
luUons  below  the  earth,  in  order  to  enable  them  lo  reappear  in 
the  east  after  having  set  in  the  west ;  yet  the  accounts  collected 
from  the  most  ancient  authors  concerning  the  nature  of  the 
universe  coincide  nearly  with  each  other  in  representing  the 
earth  as  a  plane  figure,  bounded  on  its  whole  circumference  by 
an  ocean  of  vast  extent.  The  description  which  Homer  gives 
of  the  Shield  of  Achilles,  near  tlie  end  of  the  eighteenth  book  of 
the  Iliad,  is  universally  supposed  to  be  drawn  from  tlie  opinion 
prevalent  in  his  day  concerning  the  form  of  the  earth.  The 
sculpture  exhibited  in  the  central  part  of  the  shield  is  evidently 
intended  to  represent  the  various  circumstances  of  human  life, 
and  the  margin  which  enclosed  the  terrestrial  scenery  was 
sculptured  in  imitetion  of  what  is  desiguated  tlie  Ocean  River ; 
it  is,  therefore,  likely  enough  that  the  circular  disc  represented 
the  figure  of  the  earti  itself.  Herodotus,  in  his  fourth  Book, 
describes  the  earth  as  having  a  form  similar  to  that  assigned  to 
it  by  the  Father  of  poetry ;  and  he  adds  tliat  geographers  so 
represented  it  in  his  time.  Tliese  opinions  seem  conformable  to 
what  we  learn  from  Diodorus  Siculus  and  Plutarch ;  the  former 
of  whom  asserts  that  the  Chaldeans  considered  the  earth  to  rest 
on  the  waters  like  a  boat,  und  the  latter*  ascribes  a  fike  opinion 
lo  Ileraclitus.  It  may  also  be  obsen'cd  that  the  southern  con- 
Btelladons  in  the  great  zodiac  at  Denderoh  are  represented  in 
boats,  a  circumstance  which  seems  to  prove  tliat  the  ancient 
Egyptians  thought  the  parts  of  the  earth  beyond  the  regions 

*  De  FUciLis  FliituoopUuruni. 
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then  knowDy  were  bounded  by  an  ocean:  and  the  fidlowing 
passage  among  many  similar  ones  in  the  Oiphic  Hymns  deariy 

expresses  the  same  opinion ; 

Cleoroedes  alleges,  however,  that  the  notions  of  the  ancients 
concerning  the  figure  of  the  earth  were  Tarious ;  and  that  thou^ 
some  considered  its  surface  to  be  a  plane,  there  were  others  who 
would  have  the  mass  to  be  in  the  form  of  a  cube,  a  cylinder,  ot 
a  pyramid**. 

It  may  be  inferred  from  the  language  of  Homer  in  the 
Odyssey  that,  in  his  days,  the  Mediterranean  was  supposed  to 
bo  situated  in  the  centre  of  the  earth's  disc,  and  to  communicate 
witli  the  surrounding  Ocean  River  at  one  extremity*.  The  con- 
tinent which  enclosed  this  ocean  was  the  abode  of  the  Cimmc- 
riuns  and  tlie  Dead,  and  is  described  as  not  enjoying  the  light  oi 
the  sun,  probably  because  it  was  supposed  to  be  at  a  vast 
disUuice  from  the  path  of  that  luminary;  this  path  being 
imagined  to  terminate  but  a  little  way  beyond  that  region  of  the 
eartli  which  constituted  the  limit  of  the  Phoenician  navigation 
on  the  western  side. 

llio  heavens  were  conceived  to  be  bounded  by  a  hemispherical 
and  crystalline  vault,  whose  base  was  on  the  circiunference  of 
tlie  continent  beyond  the  Ocean  River  just  mentioned :  a  notion 
also  alluded  to  in  the  Orphic  Poems : 

rlff4,a  flxov  yaitifj  afx^  ^roXoi/,  vyfOfuXivBt^j 
and,  witliin  this  vault,  the  sun,  moon,  and  stars  were  supposed 
to  ))erform  their  daily  movements.  In  the  first  book  of  the 
Odyssey,  tlie  heavens  are  described  as  resting  on  columns ;  and 
Uie  mountains  at  the  western  extremity  of  the  Mediterranean 
sea,  which  were  designated  the  Pillars  of  Hercules,  were,  pro- 
bably, BO  called  in  allusion  to  the  opinion  that  the  celestial  vault 
was  supported  in  that  manner.  But  Homer  seems  to  have 
inipn)ved  upon  ttie  original  notion,  by  supposing  a  vault  to 
exist  Im^Iow  tlie  earth,  similar  to  that  above  it ;  this  is  the  Tar- 
tarean gulf  alluded  to  in  the  eighth  book  of  the  Iliad;  the 
gloomy  abode  of  tlie  Titans  firom  which  the  light  of  the  sun  was 

*  Ilynin  XI.  (10.)  \cr-  15.  ^  Oeomedes  De  Mundo,  Lib.  I. 

'  Odyssey,  Lib.  XI.  *  Hymn  LXXXH.  ver.  7* 
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6Dpposed  lo  be  for  ever  excluded.  The  Bummit  of  the  upper 
vault  is  ihought  to  have  been  the  heavenly  Olympus ;  and  from 
hence  the  gods  were  supposed  to  moke  iheix  occasional  visits  to 
lli«  sons  of  men.  According  to  Diodorus  Siculus',  the  upper 
and  lower  poles  of  the  vault  were  the  seals  of  the  tliirly  divinities 
who  supenntcnd  the  things  done  above  and  below  the  earth. 

Ideas  resembling  those  expressed  by  the  heathen  poets  occur 
in  the  Book  of  Job :  where  the  Deity  is  described  as  spreading 
out  the  heavens";  encompassing  the  waters  with  bounds*; 
alluding,  perhaps,  to  the  continent  beyond  tlie  Ocean  lliver ; 
and  making  ihe  pillars  of  the  earth  to  tremble''.  This  continent, 
however,  differs  from  that  wliich,  in  the  Homeric  cosmography, 
is  described  as  the  seat  of  Uie  Cimmerians,  and  seems  to  corre- 
spond with  the  Elysian  Fields  in  heathen  fable ;  since,  according 
to  Rabbinical  tradition,  it  was  tJie  place  of  the  terrestrial  paradise 
and  the  bright  abode  of  the  spirits  of  good  men  ailer  death. 

It  was  evidently  the  opinion  of  the  Eastern  sages,  in  very 
ancient  times,  tliat  the  surface  of  the  earili  is  nearly  a  plane ; 
and  that  in  its  central  part,  which  was  conceived  to  be  situated 
northward  of  the  regions  then  occupied  by  men,  (that  is  beyond 
the  fixtntiers  of  India,  Persia,  and  Greece,)  "is  a  very  high  moun- 
laln  intercepting  the  view  of  the  sun  during  part  of  his  daily 
revolution,  and  thus  ])roduciiig  iJie  darkness  of  night :  it  was 
believed  tliat  the  mountain  is  of  a  conical  form ;  that  according 
as  the  sun  was  more  or  less  elevated  above  the  earth,  for  it 
appears  that  this  luminary  ^vas  supposed  to  describe  about  the 
mountain  a  spiral  curve  alternately  ascending  and  descending, 
he  remained  concealed  during  a  less  or  greater  portion  of  time, 
respectively  ;  and  that  thus  the  days  and  nights  were  rendered 
of  variable  length.  The  idea  bears  the  marks  of  an  origin  which 
may  be  dated  from  a  time  preceding  that  of  the  formation  of  the 
opinion  that  the  celestial  bodies,  in  their  daily  revolutions,  pass 
under  the  viable  surface  of  the  earth;  and  it  seems  to  be  a  part 
of  the  ancient  hypothesis  that  the  earth  consUtutos  the  general 
basis  of  the  universe.  The  circumstances  above  alluded  to  are 
briefly  indicated  in  the  Boandehesch,  a  supposed  translation  of 


■  BiU.  UiM.  Lib.  II.    0  Ct>.  IX.  t 
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one  of  the  works  of  Zoroaster ;  where  it  is  said  that  the  moun- 
tain Tirch,  or  Albordi,  the  Someirah  of  D'Herbelot,  rises  in  the 
midst  of  the  earth ;  that  about  it  the  sun  revolves  daily,  and  that 
his  movement  of  ascent  is  continued  during  180  days ;  when, 
having  gained  the  top,  he  remains  stationary  for  a  time,  and 
during  the  following  180  days  he  descends :  the  interval  between 
every  two  arrivals  of  the  sun  on  the  [front  of  the]  mountain 
constituting  one  day*.  The  same  mountain  is,  also,  said^  to 
surround  the  earth  and  to  reach  the  heavens ;  probably  signify- 
ing that  lofty  branches  from  the  central  mass  extended  towards 
the  ocean  on  which  the  earth  seemed  to  rest,  and  following  its 
shores,  encompassed  the  terrestrial  surface.  It  is  added  that  the 
moimtain  was  800  years  in  attaining  its  greatest  height ;  and 
that,  in  periods  of  two  himdred  years,  it  reached  successively  the 
stars,  the  moon,  the  sun,  and  the  region  of  primitive  light.  Four 
seas,  or  rivers,  are  said*^,  by  the  beneficence  of  Ormusd,  to  flow 
from  the  Albordi,  in  order  to  water  the  earth ;  and  M.  Anquetil 
supposes  the  rivers  to  signify  the  Indian  Ocean,  the  Persian 
Gulf,  the  Caspian  and  the  Mediterranean  Seas. 

The  same  ideas  occur  in  the  Brahmanical  Fables,  where  we 
find  it  stated  that  Mount  Mem,  with  its  three  peaks  or  summits 
and  its  seven  steps  or  terraces  encompasses  the  whole  earth ; 
that  the  gods  are  seated  on  it,  and  that,  upon  one  side  is  the 
residence  of  Brahma,  the  holy  city  Brahmapuri,  fix)m  the  four 
gates  of  which  issue  as  many  rivers^.  The  central  mountain  is, 
in  the  Pauranicas^  described  as  a  column  84000  yogurs  high, 
16000  broad  at  bottom,  and  32000  at  top;  consequently,  if 
there  is  no  mistake  either  in  the  original  or  the  translation,  re- 
sembling an  inverted  cone:  and  Captain  Wilson  observes^  that 
this  may  be  the  figure  of  the  earth  alluded  to  by  Cleanthus, 
Anaximenes,  and  others,  among  the  western  philosophers.  The 
seven  steps  about  Moimt  Meru  resemble  the  seven  earths  sur- 
rounding Mount  Moriah,  according  to  the  Rabbinical  story 
related  by  Basnage  in  his  History  of  the  Jews ;  and  the  four 

*  Boundehesch  in  the  ZendavetU,  Sect.  v.  ^  Ibid.  Sect.  xii. 

'  Ibid.  Sect.  ziii. 

'  Asiatic  Researches,  Vol.  X.     Essay  on  the  Sacred  Isles  of  the  Wett. 
'  Ibid.  Vol.  VIII. 
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rivers  mentioned  both  in  the  Persian  and  Hindu  CosmographicK 
may  be  Uiougbt  to  correspond,  in  a  certajn  degice,  uith  those 
which  in  the  Hoi;  Scriptures  are  said  to  flow  from  the  Garden 
of  Eden. 

It  might  be  expected  that,  among  the  ancients,  the  uncivilised 
people  and  those  possessing  few  ideas,  should  have  fonned  such 
notions  concerning  the  heavens  as  correspond  rather  with  the 
sensations  excited  by  the  first  view  of  the  most  obvious  pheno- 
mena than  nnth  the  real  nature  of  tlie  celestial  bodies ;  accord- 
ingly we  find  that  there  were  men  who,  as  Plutarch  relates', 
supposed  the  stars  to  be  extinguiehed  every  evening  and  re- 
kindled in  the  morning:  the  same  wild  fancy  is  by  Achilles 
TatJus  attributed  to  Xenophanes '',  and  we  learn  from  an  obser- 
vation of  Cleomedes'  that  the  Iberians  pretended  they  cotdd 
hear,  when  the  sun  descended  into  die  ocean,  a  hissing  sound, 
like  that  of  heated  iron  when  plunged  in  water. 

In  modem  times  we  find  that,  among  the  natives  of  tho 
Society  Isles  in  the  Pacific  Ocean  j  a  people  in  almost  the 
lowest  degree  of  civihzation  and  completely  destitute  of  any 
thing  that  may  be  called  science,  notions  were  entertained  which 
Btrongly  resemble,  or  rather,  are  nearly  identical  with  those 
above  mentioned.  Mr.  Ellis,  speaking  of  their  cosmography,  says 
that  they  imagined  the  sea  which  surrounds  Uieir  group  of 
islands  to  be  a  level  plane,  and  that,  at  the  visible  horizon,  or  at 
some  distance  beyond  it,  the  sky  joined  the  ocean,  enclosing  as 
with  a  vault  the  islands  in  the  immediate  vicinity:  every  foreign 
land  they  supposed  to  have  a  distinct  atmosphere  and  to  he 
roclosed  in  a  similar  manner  by  its  particular  vault.  Some  of 
the  natives,  Mr.  Ellis  continues,  considered  the  sun  as  an  ani- 
mated being ;  and  others,  that  it  resembled  fire ;  tliey  imagined 
that  it  sunk  eveiy  evening  in  the  sea,  and  passed,  during  the 
night,  by  a  submarine  passage  from  the  West  to  the  East,  where 
it  again  rose  from  the  sea  in  the  morning  ;  an  idea  which,  also, 
occurs  in  the  writings  of  the  Greek  poets:  being  asked  if  they 
bad  ever  seen  the  sun  descend  into  the  sea,  they  answered  that 

•  De  Pladlis,  Lib.  II.  ™p.  IS. 

'  Tatiui,  IsagDge  ad  PhaaaomeaB,  cap.  6.  in  PeWv.  Uiauolog. 

"  De  Mundo,  Lib.  II. 
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they  had  not,  but  that  some  of  the  people  of  the  western  idaads 
had  heard  the  hissing  occasioned  by  its  plunging  into  the  water. 
The  Tahitians  imagined,  adds  the  same  author,  that,  abore  the 
earth,  there  was  a  series  of  celestial  strata,  ten  in  number,  each 
of  which  was  the  abode  of  spirits  or  gods  whose  eleyation  was 
regulated  by  their  rank  or  power:  the  tenth,  or  last  heayen, 
which  was  enveloped  in  perfect  darkness,  being  the  abode  of  the 
first  class  only*.  No  doubt  can  therefore  exist  that  such 
opinions  are  those  which  first  suggested  themsdves  to  the  unen- 
lightened spectator  of  the  heavens,  in  the  infancy  of  the  human 
race.  The  more  complex  cosmogony  of  the  ancients  may  have 
followed  next ;  but  this  cannot  be  supposed  to  have  been  formed 
by  persons  who  paid  any  attention  to  what  they  saw  of  the 
celestial  movements:  on  the  contrary  it  may  appaiently  wit^ 
reason  be  suspected  that  the  opinions  on  which  that  cosmogjony 
is  founded,  were  maintained  only  by  the  poets,  who  may  have 
invented  or  adopted  them  for  the  sake  of  the  effect  they  produce 
in  compositions  intended  to  afford  pleasure  and  surprise  by  the 
exhibition  of  whatever  is  sublime  and  beautiful,  but  in  which 
there  is  not  required  a  strict  attention  to  what  is  probable  or 
oven  natural.  Among  the  ancient  Egyptians  and  Hebrews  more 
rational  ideas  seem  to  have  prevailed  concerning  the  mundane 
system ;  for  Diogenes  Laertius^  relates  that  the  former  people 
considered  the  earth  as  spherical ;  and  in  the  book  of  Job  ^  it  is 
said  that  the  north  is  stretched  over  the  empty  space,  and  that 
tlie  earth  is  suspended  firom  nothing:  firom  which  it  may  be 
inferred  that  the  earth  was  then  conceived  to  be  isolated  from 
the  rest  of  the  universe. 

Nunc  quia  non  imo  tellus  dejecta  profundo, 
Sed  medio  suipensa  manet,  sunt  pervia  cuncta. 
Qua  cadat,  et  tubeat  ooBlum,  runusque  resurgat.^ 

Nor  can  there  be  any  doubt  that  the  arguments  of  Cleomedcs 
in  support  of  the  true  figure  and  situation  of  the  earth  were  very 
early  understood.  "  The  heavens,  indeed,"  he  says  %  "  appear 
to  surround  all  things  about  us,  and,  if  we  proceed  to  any  other 

*  Polynesian  Researches,  Vol.  TIT.  Chap.  6.  ^  In  Proomio. 

*  Chap,  XXVI.  var.  7.  *  MaoiUua,  Aitronomicon,  Lib.  I.  rer.  179. 

*  De  Mundo,  Lib.  I. 
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c]imate>  Uiey  are  etill  above  our  heads,  nor  do  they  any  whero 
rest  upon  the  earth."  And  again",  "if  the  earth  were  of  a 
plane  figure  al!  men  would  have  the  same  horizon;  llie 
rifiing  or  setting  of  the  etars  would  take  place  at  the  same  time 
for  all ;  and  there  would  be  the  same  beginning  of  the  day  or 
night." 

The  globular  form  of  the  earth  was  early  known  to  the  Greeks, 
and  we  may  obsenc  that  Herodotus''  mentions  a  people  who 
sleep  dunng  six  months  of  the  year ;  a  circiunstance  which  seems 
to  shew  tlial  iu  the  days  of  tliat  ancient  writer  men  had  some 
knowledge  of  tlie  periods  of  light  and  darkness  about  the  pole 
of  tlie  earth  ;  or  that,  from  a  well  founded  hypothesis  concern- 
ing its  figure,  they  had  arrived  at  just  conclusions  respecting  Uie 
phenomena  exhibited  on  its  sm-face  by  the  apparent  revolution 
of  the  heavens. 

When  ihc  fact  that  the  earth  is  entirely  detached  from 
all  the  other  parts  of  the  universe  was  recognized,  man,  not  sa- 
tislied  n-ith  the  ample  field  for  research  afforded  by  nature  on 
Ms  own  domain,  took  flight,  in  imagination,  beyond  the  utmost 
bounds  of  the  visible  heavens,  and  hesitated  not  to  build  up 
theories  regarding  subjects  wliioh  will  probably  be  for  ever 
beyond  his  comprehension. 

The  accounts  handed  to  us  by  Diogenes  Laerlius,  and  by 
Diodorus  Siculus  concerning  the  cosmogony  of  the  Egyptians 
and  Chaldeans  shew  that  material  substance  was  considered  by 
these  people  to  be  the  principle  of  all  things ;  and  that  ii^>m  it, 
by  subdivision,  the  four  elements,  fire,  air,  water,  and  earth, 
and  all  animated  beings  were  produced'.  This  idea  is  de- 
veloped by  Diodorus,  who  states  ^  tliat  the  heavens  and  earth 
originally,  by  the  mixture  of  all  substances,  existed  ui  a  chaotic 
state,  and  that  afler  the  precipitation  of  some,  the  universe  as- 
sumed the  fonn  we  behold :  the  fiery  part,  on  account  of  its 
levitj,  ascended  to  the  upper  regions ;  and,  from  tlie  same  cause, 
the  Sim,  moon,  and  stars,  which  were  supposed  to  be  of  the 


'  De  conlomptKtione  oibil^  omlestium,  L(b.  t 
'•  Melpomene.  '  In  Proiwn. 

•  Bib.  Hi(t.  Lib.  I.  leU.  7- 
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nature  of  fire,  were  placed  in  the  firmament;  a  notion  thus  ad- 
mirably expressed  by  Manilius : 

Ignis  in  nthereas  voluoer  se  sustulit  oru, 
Summaque  oompleonis  stellantii  culmina  oodi, 
Flammarum  vallo  nature  moenia  fedt  *• 

But  the  vapours  and  denser  matter  were  imagined  to  have 
subsided  together  in  one  place  by  their  weight :  the  latter  con- 
stituted the  solid  part  of  the  earth,  and  the  former,  by  continual 
motion  disengaging  itself,  formed  the  seas  and  air.  It  is  also 
asserted  in  the  ancient  poems  entitled  the  Chaldean  Oracles, 
fix)m  an  opinion  that  they  contain  a  summary  of  the  notions  in 
philosophy  entertained  by  the  earliest  people  of  Asia,  that  the 
universe  was  divided  into  seven  distinct  spaces  or  worlds; 
^^  the  Father,"  it  is  said  in  the  poem  on  the  heavens,  ^  made 
seven  worlds,  including  them  imder  a  globular  form :  he  made 
the  great  host  of  inerratic  stars ;  he  also  placed  the  earth  in  the 
centre,  the  waters  within  its  bosom,  and  the  air  above  it"*^ 
The  worlds  here  alluded  to  are  by  Psellus,  the  commentator, 
considered  as  concentric  spheres,  and  are  thus  enumerated* 
The  first,  constituting  the  exterior  of  the  universe,  he  supposes 
to  be  empyreal,  or  formed  of  piure  elementary  fire ;  within  this 
he  imagines  that  there  are  three  aethereal  spheres  formed  of  ele- 
ments less  subtle  than  the  first ;  the  thred  last  are  supposed  to 
\>G  what  were  commonly  designated  the  material  worlds,  and 
consisted  of  the  sphere  of  the  fixed  stars,  the  seven  planetary 
spheres  and  tlie  sublimary  region ;  and  Mr.  Stanley  supposes 
that  in  the  latter  are  comprehended  the  spheres  of  air,  water, 
and  earth. 

The  constitution  of  the  universe  was  explained  in  a  similar 
way  by  Hecateus  of  Miletus,  in  a  work  on  the  Philosophy  of 
the  P^gyptians,  among  whom  also  the  same  doctrines  appear  to 
have  been  received  ^ ;  and  Achilles  Tatius  observes  that  the  sec- 
tators  of  Orpheus,  meaning  those  who,  in  his  day,  adhered  to 
the  Chaldean  philosophy,  compared  the  three  principal  divisions 


*  Attronomioon,  Lib.  I.  ver.  49ft. 

^  Stanley,  History  of  Philosophy.    Chaldean  Phllot. 

*  Diog.  Laert.  in  Proonn. 
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of  the  oniverse  to  the  shell,  the  white,  and  the  yolk  of  an  egg'. 
By  the  elementary  fire,  supposed  to  coiislilute  the  outer  sphere, 
or  the  shell  of  the  miindane  egg,  is  to  be  understood  matter,  if 
the  word  may  be  allowed,  in  the  highest  degree  of  atteuuation, 
and,  as  it  were,  a  fire  mthout  heat.  On  the  exterior  of  tlie  iini- 
Tcrse,  says  Aristotle '',  no  substance  can  possibly  exist. 

TMiatever  might  have  been  tlie  ideas  of  the  first  people  con- 
cerning the  nature  of  the  aetJiercal  spheres,  we  leam  that,  in  later 
times,  tlieir  place  was,  by  some,  supposed  to  be  occupied  by  a 
ciystalline  eubstance  which  enclosed  the  three  material  worlds 
as  within  a  hollow  globe.  Tims  Seneca  says  *,  "  if  we  may  be- 
lieve Arteinidorus,  the  vault  i>f  the  heavens  is  solid  and  like  a 
Toof ;  and  beyond  this  is  the  region  of  fire :  in  this  vault  are  c 
tain  apertures  like  windows  by  which  the  external  fire  enters 
and  becomes  incorporated  with  that  about  the  earth."  Seneca 
juatly  condemns  the  notion  of  Arlemidorus,  and  observes  that, 
lo  oppose  it,  would  be  as  useless  as  beating  the  air;  yet  so  strong 
has  been  the  propensity  of  man  to  refer  e\'ery  appearance  in  tlie 
heavens  to  a  mechanical  cause  that,  as  Maerobius  relates'',  a 
certain  Theophrastus  who  is,  moreover,  said  to  have  written  a 
history  of  Astronomy,  not  only  maintained  tlie  same  opinion, 
but  a]>serted,  besides,  that  the  \m  Laclea  was  the  place  of  junc< 
tion  of  die  two  hemispheres  constituting  the  shell;  this  jimcUon 
being  supposed  to  be  imperfect,  he  imagined  that  the  light 
beyond  tlie  sphere  was  rendered  visible  tlu-oiigh  the  intcn-als. 

'J  he  argument  by  which  the  si>hericul  form  of  the  universe 
was  proved  by  tlie  ancients,  is  founded  on  the  supposed  per- 
fection of  a  circle,  and,  consequently,  of  bodies  bounded  by  that 
figure.  Aristotle,  in  his  treatise  De  CtBlo '  states,  that  no  right 
line  is  perfect  because  it  has  terminations ;  and  the  inference  is, 
that  the  perfection  of  a  circle  consists  in  its  having  none :  he 
observes,  also  ^,  that  since  that  which  is  perfect  must  have  pre- 
ceded that  which  is  imperfect,  the  circle  is  the  first  of  plane 
figoies  and  the  sphere,  the  first  of  solids ;  therefore,  conceiving 


•  TatiiU,  luj^nge,  Cap.  4-  in  Pelav.  Uranolog. 
'  N»t.  Queil.  Lib.  VU.  Cap.  13. 

'  CommKnI.  Somnium  Si-ipiunia,  Lili.  I.  L'ii|i.  IS 

•  Lib.  I.  Cap.  %  '  Ibid.  Cap.  4. 
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the  universe  to  have  existed  from  eternity^  he  concludes  that  it 
must  be  comprehended  within  a  spherical  figure.  In  the  an- 
cient schools  this  mode  of  reasoning  too  commonly  supplied 
the  place  of  inductions  from  facts  and  observations,  even  when 
the  circumstances  were  such  as  to  render  facts  and  observations 
accessible ;  and  the  practice  of  arguing  instead  of  observing  is  to 
be  ascribed  to  an  indolent  neglect  of  physical  researches,  or  to 
the  prejudice  arising  from  a  habit  of  recurring  to  the  imagination 
when  physical  data  were  wanting.  In  either  case,  we  can  only  con- 
sider such  reasonings  as  vain  attempts  to  conceal  that  ignorance 
which  it  would  have  been  more  consistent  with  the  spirit  of 
sound  philosophy  to  have  acknowledged. 

The  ancient  Greeks  seem  to  have  entertsdned  an  opinion  of 
the  arrangement  of  the  elements  constituting  the  universe,  which 
differs  in  some  respects  from  that  of  the  Chaldeans  or  Eg3rptians. 
According  to   the  Pythagoreans  %  the  grosser  materials  were 
situated  towards  the  circumference,  and  the  central  part  was  the 
region  of  fire,  which  was  there  disposed  because  it  was  con- 
ceived to  be  the  most  noUe  of  the  elements,  and  because  the 
centre  was  also  considered  as  the  most  honourable  place ;  but  it 
appears  that  some  parts  of  the  different  elements  were  imagined 
to  be  diffused  through  all  space  and  to  enter  into  the  composi- 
tion of  the  earth  and  planets.     About  the  region  of  fire  were 
conceived  to  be  arranged,  in  succession,  those  of  air,  water,  and 
terrestrial  matter,  forming  so  many  concentric  shells,  and  in  the 
last  the  earth  was  supposed  to  be  placed ;  beyond  the  region  of 
the  earth  came  the  seven  planetary  spheres,  and  the  whole  sys- 
tem was  enclosed  within  the  sphere  of  the  fixed  stars. 

The  idea  entertained  by  the  ancient  Hindus  of  the  antiquity 
of  the  earth,  and  their  doubts  concerning  the  cause  and  manner 
of  its  existence  are  finely  expressed  in  the  tenth  chapter  of  one 
of  the  Vedasy  according  to  Uie  translation  of  Mr.  Colebrook.. 
"  Who  knows  exactly,  and  who  shall  in  this  world  declare 
whence  and  why  this  creation  took  place  ?  The  gods  are  sub- 
sequent to  the  production  of  this  world ;  then  who  can  know 
from  whence  it  proceeded  ?  or  whence  this  varied  world  arose  ? 
or  whether  it  uphold  itself  or  not  ?     He  who  in  the  highest 

'  Aristotle  De  CaAoy  Lib.  II. 
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heaven  is  the  ruler  of  the  universe  does  indeed  know ;  but  not 
another  can  possess  that  knowledge ". 

The  opiuions  of  the  HebrewB  concerning  the  constitution  of 
iJie  universe,  were  probably  the  same  as  that  of  the  Chaldeans ; 
for.  ftom  passages  in  the  sacred  Scriptures,  it  has  been  inferred 
Uiat  the  former  people  considered  the  heavens  to  be  three-fold : 
llie  lowest  was  conceived  to  be  the  earth,  ami  the  surrounding 
atmosphere,  the  region  of  the  clouds;  the  second  was  the  region 
of  the  stars ;  and  the  tbinl,  the  abode  of  Uie  Deity.  This  last 
is  supposed  by  the  commentators  to  be  tJtat  to  which  St.  Paul 
alluded  when  he  said  he  was  caught  up  to  the  third  heaven. 

It  was  a  general  opinion  among  tlie  ancient  phi1oso])hers, 
that  the  Earth  was  the  most  important  body  in  tlie  universe 
aud  was,  even,  the  source  of  the  principle  of  existence  in  all  the 
others :  the  air  was  supposed  to  be  nourished  by  the  humid 
vapours  exhaled  from  its  surface  ;  the  ether,  by  the  air,  and  the 
stars  by  tlie  ether ;  a  notion  expressed  by  Lucretius,  when  he 

asks, 

"  Unde  mare,  inp^niii  fontei,  rtemBque  longe 
Plumina  xijipeditanc  ?    Unde  slher  aiders  paadl  ?  '' 

and  maintained  by  Cleanlbes,  who,  according  to  Cicero,  asserted 
that  the  Rlara  arc  proved  to  be  constituted  of  fire  by  the  evidence 
of  two  senses,  the  touch  and  the  sight ;  and  that  they  are  con- 
sequently fed  by  the  vapours  of  the  ocean.  "  Nam  solis  candor 
illustrior  est,  quam  uUius  ignis,  quippe  qui  immenso  muudo 
tam  longe  laleque  collucat :  et  is  ejus  lactus  est,  uon  ut  tepe- 
faciat  solum,  sed  etiam  saspe  comburat:  c|Uorum  neutrum  faceret, 
nisi  esset  igneus.  Ergo,  tuiiuit,  cum  sol  igneus  sit,  oceaniquc 
alatur  humoribus  (quia  nuUus  ignis  sine  pastu  aliquo  possit 
pcrmanere) ;  necesse  est,  aut  ei  similis  sit  igni  queni  adhibemus 
ad  usum  atque  ad  victum,  aut  ei  qui  corponbus  animantium 
conlinetur"',  Tlie  opinion  that  the  Earth  affords  aliment  to 
the  stars  is  also  alluded  to  by  Cleomcdes'',  who,  having  re- 
marked that  the  Earth  is  but  as  a  point  when  compared  with 

'  Aaialic  Roearvhea,  Vol.  Vlll.  Etvl.  B. 
I'  De  KmiiD  Nntura,  1[U.  t.  ver.  230. 
*  De  NKIiira  Dcunim,  lib.  II.  rap.  15. 
'  De  CuiKcmplutione  Orliiuni  Ciclistiuni,  lili.  T.  uap.  11. 
o  Si. 


M  THE   FIBST   NOTICES  [CHAP. 

the  distance  of  the  sun  and  the  celestial  sphere,  says,  we  need 
not  doubt  that  this  small  earth  can  supply  nourishment  to  the 
heavenly  bodies,  however  vast  and  numerous  they  may  be, 
since,  though  small  in  size,  it  is  great  in  power  and  contains 
almost  the  whole  of  existence  in  itself. 

We  must  not,  however,  conclude  that  such  opinions  were 
universally  held :  in  fact,  those  who,  Uke  Aristotle,  conceived 
the  celestial  bodies  to  be  eternal,  contended  either  that  they 
furnished  their  own  aliment,  or  that  none  wa»  necessary  for 
them  ;  and  Proclus  observes  that  only  those  bodies  which  are 
corruptible  can  receive  increase  or  suffer  diminution ;  the  heavens 
remain  for  ever  unchanged  *. 

The  first  intimations  we  have  received  concerning  the  prac- 
tice of  observing  the  heavens  will  be  found  in  those  obscure 
notices  which  the  Greek  writers,  of  a  comparatively  late  period, 
have  given  of  the  early  state  of  the  Chaldeans  and  Egyptians. 
It  is  plain  firom  the  passage  above  quoted^,  in  Diodorus  Siculus, 
that,  at  Babylon,  a  college  of  priests  must  have  been  instituted 
by  the  first  sovereigns  of  that  part  of  Asia  for  astronomical  pur- 
poses ;  that  their  observatory  was  on  the  temple,  or  at  least,  on 
a  tower  belonging  to  the  temple  of  the  deity  to  whose  ser\'ice 
they  were  consecrated :  we  learn  also,  that  the  tower  was  qua- 
drangular, probably  of  a  pyramidal  form,  and  was  constructed 
so  that  its  four  faces  were  opposed  to  the  four  cardinal  points 
of  the  horizon.    A  similar  disposition  is  found  to  have  been 
given  to  the  faces  of  the  different  pyramids  in  Egypt ;  and  we 
have  shewn  that  these  masses  are  stated  to  have  been  used  as 
observatories :  it  cannot  be  doubted,  therefore,  that  such  a  dis- 
position has  been  given  by  design,  and  we  can  conceive  no 
other  reason  for  it  than  to  ascertain,  by  looking  along  the 
southern  or  northern  faces,  the  days  when  the  sun,  or  any  other 
celestial  body,  rises  and  sets  in  the  eastern  and  western  points 
of  the  horizon,  respectively:  or,  by  looking  in  a  direction  parallel 
to  that  of  the  other  faces,  as  in  modem  practice,  to  find  when 
the  celestial  bodies  are  in  the  plane  of  the  meridian.     Be  this  as 
it  may,  it  is  evident  that,  at  the  time  of  constructing  these  works, 

'  Prodiu  in  TinMMun,  IHk  III.  ^  Ptige  24. 
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the  two  people  must  have  known  how  to  trace  a  meridian  line, 
and  tlie  Egyptian  pyramids  are  still  existing  monuments  of  this 
step  in  the  ancient  science :  it  must  be  owned,  however,  that  to 
arient  a  building  is  not  a  work  of  much  difficulty,  when  great 
precision  is  not  required,  since  it  would  be  only  necessary  to 
mark  on  the  ground  a  line  between  the  spectator  and  a  terres- 
trial object  when  the  string  of  a  suspended  plummet  appears  to 
pass  through  the  pole  star  and  that  object 
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CHAPTER  III. 

THE   NATURE   OF  THE   EARLIEST  OBSERVATIONS. 

General  phenomena  of  the  heavens. — The  phenomena  of  the  son  and 
moon  used  as  measures  of  time.— The  moon*s  proper  motion,  and  phases, 
observed. — Division  of  the  fixed  stars  into  particular  groups. — The  mriginal 
constellations  changed  by  the  Greeks.-— Description  of  the  constellations. — 
Their  designations  supposed  to  relate  to  the  qualities  of  the  seasons. — 
Astrological  notions  connected  with  the  constellations. — The  sun*s  proper 
motion,  and  the  direction  of  his  visible  path  ascertained. — The  use  of  the 
gnomon  in  astronomy. — Methods  of  obtaining  a  well  defined  shadow. — 
The  length  of  the  year  determined  by  the  gnomon. 

Now  if,  in  the  absence  of  all  positive  infonnation  qonceming 
the  first  discoveries  relating  to  the  movements  of  the  heavenly 
bodies,  of  which  indeed  scarcely  a  trace  has  been  presen-ed,  we 
might  be  permitted  to  supply  the  deficiency  under  the  guidance 
of  such  hints  as  can  be  collected  firom  the  ancient  writers,  we 
would  venture  to  assert  that  they  must  have  taken  place  nearly 
in  the  following  manner. 

A  general  and  circular  movement  of  the  bodies  in  the 
firmament  would  be  the  first  phenomenon  recognized  even  by  a 
superficial  observer.  The  shepherd  who  watched  his  flock  by 
night  on  some  plain  bounded  by  the  horizon  would  soon  perceive 
that  certain  stars  rose  firom  the  ocean,  or  fix)m  behind  the  hills 
which  limited  his  view  towards  the  east,  and  each,  after 
describing  a  curve  m  the  heavens,  disappeared  behind  the 
terrestrial  objects  about  the  west;  that  some  performed  their 
revolution  without  descending  so  low  in  any  part  as  to  reach  the 
horizon ;  and,  finally,  that  one  star  seemed  to  be  stationary  in 
the  heavens  during  all  the  time  that  the  absence  of  the  sun 
permitted  it  to  be  visible ;  nor  could  these  phenomena  fail  to 
suggest  the  idea  of  the  revolution  of  some  geometrical  figure,  as 
a  cone,  a  cylinder,  or  a  sphere,  about  a  certain  line  passing 
through  the  eye  of  the  observer,  and  situated  obliquely  to  the 
plane  of  the  terrestrial  horizon.  How  long  any  doubt  existed 
concerning  the  true  figure  of  that  surface  on  which  the  celestial 
bodies  appear  to  describe  tlieir  daily  revolutions  is  uncertain. 


THE    EARLIEST   OBSERVATIONS. 

We  have  seen  in  what  manner  Aristotle  argued  in  favour  of  tho 
o[iiiiion  tlial  tlie  universe  is  glob  ilar,  and  such  reasoning  uiay, 
from  the  first,  have  been  considered  as  estabhshing  the  behef 
tliat  thi'  starry  heaven  was  of  a  hlwe  form;  but  tlic  means 
ejcplaine^i  by  Proclus ',  of  ascerttuning  its  true  figure,  have  so 
much  the  appearance  of  being  those  which  would  present 
themselves  to  the  minds  of  the  earliest  enquirers  iuto  the  causes 
oi'  the  celestial  phenomena,  that  wc  cannot  do  better,  in  this 
jtlaee,  than  describe  them.  This  writer  first  obsenes  that  some 
of  the  stars  evidently  describe  complete  circles  daily  in  the 
heavens  about  one  fixed  point ;  then,  in  proof  that  the  movement 
of  the  sun  is  circular,  he  alleges  the  inequality  in  the  lengtlis 
of  the  days  and  nights  in  different  seasous,  and  the  changes 
gnduolly  made,  during  the  day,  in  the  position  of  tlie  shadow 
cast  by  any  terrestrial  object ;  and,  lastly,  he  shews  that  the 
sun  is,  at  all  seasons,  on  the  surface  of  one  sphere  because  his 
apparent  magnitude  is  invariable  which,  he  says,  could  uot  be 
the  case  if,  from  midwinter  to  midsummer,  he  bad  moved  north- 
wards on  the  surface  of  a  cylinder  or  cone;  since,  in  one 
situation,  he  would  then,  cvidendy,  have  been  nearer  to  the 
spectator  tlion  in  the  other,  and  consequently,  he  ought  to  have 
appeared  greater. 

However  inconclusive  this  argument  may  seem  lo  a  modem 
aHtronomer,  whose  instruments  afibrd  him  the  means  of  detecting 
Uie  periodical  variations  in  the  apparent  magnitudes  of  the  sun 
and  moon,  lo  tho  ancients  it  must  have  been  in  the  highest 
degree  satisfactory.  Tlie  planets  and  fixed  stars  did  not,  on 
account  of  their  smallness,  admit  of  this  kind  of  proof,  but  the 
celebrated  Euclid ",  by  a  comparison  of  the  visible  magnitudes 
of  the  circles  they  describe  about  the  pule,  demonstrated  that 
the  revolving  surface  to  which  they  belong  could  be  no  other 
than  Uiat  of  a  sphere.  The  residts,  however,  of  Eucbd's 
demonstration  were,  in  all  probability,  very  early  auUcipatcd, 
for  it  appears  to  have  been,  from  tlie  first,  generally  understood 
that  the  celestial  bodies  were  attached  to  the  concave  surface  of 
a  spherical  shell  which  revolved  in  a  certain  time  about  the 
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earthy  and  that  the  latter  was  sitoated  in  or  near  the  centre  of 
this  concavity. 

The  phenomena  presented  by  the  sun  and  moon  would 
doubtless  next  attract  the  attention  of  persons  impelled  to  seek 
information  concerning  the  objects  that  surround  them  by  that 
curiosity  which,  for  his  improvement,  has  been  so  deeply  im- 
planted in  man.  The  risings  and  settings  of  the  former,  which 
afford  the  means  of  measuring  intervals  of  time  for  regulating 
the  ordinary  occupations  of  life,  would  be  immediately  attended 
to,  and  employed  for  that  piurpose;  the  inequalities  of  the 
periods  of  alternate  light  and  darkness  being  for  some  time, 
perhaps,  disregarded. 

The  remarkable  variations  in  the  apparent  form  of  the  moon, 
by  recurring  constantly  in  a  certain  order  would,  no  doubt,  be 
the  indices  by  which  the  first  steps  were  taken  for  the  division 
of  time  into  periods  exceeding  those  marked  out  by  the  intervals 
between  the  sun's  rising  and  setting ;  and,  by  the  inhabitants 
of  a  maritime  region,  it  is  probable  that  those  changes  would 
be  suspected  to  have  some  connexion  with  the  changes  in  the 
elevations  of  the  waters  on  the  coast  or  in  the  mouths  of  rivers. 
It  is  easy  to  observe  that  a  portion  of  time  equal  to  that  including 
about  thirty  repetitions  of  the  sun's  risings  would  be  com* 
prehended  between  two  successive  appearances  of  the  moon  in 
the  crescent  form;  hence,  such  a  phenomenon  would  be  a 
convenient  signal  by  which  to  reg^ulate  the  celebration  of  some 
periodical  festival,  or  the  commencement  of  a  journey  to  some 
distant  place ;  indeed,  we  find,  among  all  nations  not  enlightened 
by  science,  that  the  first  appearance  of.  the  new  moon,  as  it  is 
called,  is  made  use  of  for  those  purposes,  and  one  of  the  duties 
of  an  established  priesthood  seems,  at  first,  to  have  been  the 
looking  out  for,  and  giving  notice  of  that  event  The  times  at 
which  the  moon  presents  a  fiill  round  orb  being  foimd  to  occur 
about  the  middle  of  the  interval  of  two  of  her  successive 
appearances  in  the  crescent  form  would,  also,  be  made  available 
for  the  same  purposes,  and  even  the  various  phenomena  of  the 
increase  and  wane  might  be  objects  of  attention,  but  the  times 
of  their  accomplishment  being  marked  less  precisely  would  not, 
perhaps,  be  so  generally  useful.    The  appearances  of  particular 
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stars  with  the  sun,  eltlier  on  the  same  or  on  opposite  sides  of 
the  horizon  would  also,  as  we  have  shewn,  afford  indicationfi  of 
times  useful  for  many  of  Uie  purposes  of  human  life ;  but  it  is 
probable  that  tlicse  were  not  attended  to  till  long  after  the  more 
remarkable  phenomcua  of  the  sun  and  moon  had  been  made 
subservient  to  those  to  which  they  are  applicable. 

The  contemplation  of  the  moon's  progress  tlirough  tlie  heavens 
woidd,  in  a  few  nights,  lead  to  the  discovery  of  a  twofold 
movement  in  that  luminary ;  for  it  could  not  escape  obser\-ation 
that  while,  like  the  rest  of  the  heavenly  bodies,  she  moved 
during  the  night  from  east  to  west,  she  gradually  receded  from 
certain  stars  and  approached  others  situated  towards  the  east 
of  them  by  a  movement  contrary  to  the  former;  and,  if  her 
position  with  respect  to  some  remarkable  star  seen  after  sun- 
set on  any  ni)rht,  was  compared  witli  her  position  with  respect 
to  the  same  star  on  the  following  night,  it  would  be  found  that 
she  had  made  a  movement  towards  tJie  ea^t,  during  the  inter- 
vening time,  of  more  than  one  thirtieth  part  of  the  whole 
circumference  of  the  celestial  sphere.  The  phenomena  con- 
sequent upon  this  movement  take  place  in  the  followbig  manner, 
and  they  must  have  been  so  observed  from  the  first  moment  the 
heavens  were  regarded  with  the  least  attention. 

The  moon  first  becomes  visible  near  the  setting  sun  and  then 
she  has  the  form  of  a  slender  crescent  of  light.  At  the  close  of 
the  following  day  slie  appears  to  have  receded  considerably  from 
the  sun  towards  the  east,  she  sets  later  and  her  luminous  face  is 
found  to  have  increased  in  breadth.  This  deviation  from  the 
sun  and  the  augmentation  of  breadth  cunliime  to  increase  daily 
and,  in  less  than  seven  days,  she  is,  at  the  setting  of  tlic  sim, 
distant  trom  tliat  luminary  as  luiich  as  one  quarter  of  the 
circumference  of  a  circle  surrounding  the  heavens,  and  her  form 
is  that  of  a  semicircle.  At  the  end  of  about  seven  days  and  a 
half  from  this  time  she  has  receded  from  the  sun  to  tlie  extent 
of  half  the  circumference  of  such  a  circle ;  she  appears  to  rise  in 
the  east  when  the  sun  is  selling  and  her  brilliant  disc,  wliich 
had  assumed  an  oval  form  by  gradually  increasing  in  breadth, 
becomes  an  entire  circle,  in  which  state  she  is  designated  the 
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fhn  moon.  From  daj  to  daj  after  this  time,  she  appears  to 
approach  nearer  the  son  on  the  eastern  side,  her  disc  diminishes 
in  breadth  so  that  she  again  assumes  an  oral  form,  and,  in 
about  seven  days  and  a  half  from  the  time  of  her  appearance  as 
a  full  moon,  she  is  once  more  reduced  to  a  semicircle.  In  less 
than  seven  days  afterward  her  disc,  which  had  daily  become 
more  slender,  appears  but  as  a  thread  of  silvery  light  in  a 
crescent  fonn;  she  then  appears  to  have  nearly  returned  to 
conjunction  with  the  sun  and  she  rises  in  the  east  but  a  short 
time  before  him.  Then,  after  remaining  for  a  few  days  invisible, 
as  if  lost  in  the  superior  brilliancy  of  the  orb  of  day,  she  again 
appears  in  the  form  of  a  fine  crescent  of  light  near  the  setting 
sun,  as  at  first,  and  all  the  above  phenomena  are  repeated  in  the 
same  order  as  before.  Such  phenomena  must  have  been 
observed  long  before  the  oldest  works  on  astronomy,  now  extant, 
were  composed ;  for,  in  them,  we  find  allusions  made  to,  and 
inferences  drawn  from,  such  phenomena  as  if  they  were  familiarly 
known ;  and  it  was,  probably,  as  anciently  suspected  that  the 
moon,  during  the  interval  between  her  disappearance  when  lost 
in  the  rays  of  the  morning  sim  and  her  reappearance  on  emerging 
fix>m  those  of  the  evening  sun,  accompanied,  though  invisible, 
the  great  luminary  during  his  daily  progress  through  the  heavens. 

These  phases  would  naturally  give  rise  to  the  desire  of  finding 
the  cause  which  produced  them,  and  the  opinion  was  probably 
soon  formed  that  they  had  some  dependence  on  the  position  of  the 
moon  with  respect  to  the  sun ;  but  as  it  was  not  till  after  some 
progress  had  been  made  in  the  study  of  astronomy  that  the  no- 
tions first  entertained  of  that  cause  were  developed  in  such  works 
as  have  reached  our  times,  it  will  be  proper  that  the  considera- 
tion of  them  should,  for  the  present,  be  deferred. 

But  the  convenience  of  referring  the  moon  to  some  particular 
places  in  the  heavens  would  render  it  necessary  to  preserve  a 
knowledge  of  the  configurations  of  the  groups  of  stars  which  lie 
near  her  path,  and  steps  would  early  be  taken  to  recognize  those 
groups  by  some  distinguishing  marks.  The  most  simple  idea 
wotdd  be  that  of  assigning  them  a  fancied  resemblance  to  the 
figure  of  a  man  or  animal ;  and  a  lively  imagination  would  as 
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easily  trace  such  rcsemblancpH  among  tlie  stars  as  a  mind  not 
otherwise  occupied  traces  thorn  in  a  fire;,  or  in  the  clouds  wliich 
spread  their  various  forms  across  the  summer  sky. 

It  is  probable  that,  at  an  early  period,  an  effort  was  made  to 
determine  the  positions  of  stars  with  more  precision  than  could  be 
obtained  by  a  mere  reference  to  some  part  of  the  body  of  the 
figure  to  which  the  group  containing  them  had  been  reduced ; 
and  a  method  similar  to  tliat  employed  by  Ferguson,  in  the  last 
century,  may  have  been  practised  nearly  five  thousand  vears  since 
by  the  inhabitants  of  tlie  Ass^-rian  plains,  whose  science  was, 
perhaps,  about  equal  to  that  of  the  self-taught  Scottish  peasant. 
We  can  conceive  that  a  primitive  star-gazer  might  hold  befi)re 
his  eye  a  Irame  across  which  were  extended  three  slender  threads 
intersecting  each  other  so  as  to  fonn  a  triangle  whose  sides 
could  be  made  of  various  lengtlis  by  changing  the  positions  of 
the  threads  i  tlie  intersections,  being  made  to  coincide  with  the 
apparent  placi^s  of  any  tlu'ee  stars,  would  give,  on  transferring  the 
(liangle  to  a  plane  surface,  the  relative  situations  of  the  stars; 
from  which  those  of  olher  stars  might  be  found  in  the  same 
manner  till  a  whole  group  or,  even,  the  stars  contained  in  a 
narrow  zone  of  the  heavens  were  represented;  and  there  can  be 
little  doubt  that,  by  sucli  a  process,  simple  planispheres  were 
formed  long  before  the  theory  of  projections  was  disco- 
vered. By  constructing  such  representations  of  portions  of  the 
starry  sphere  on  a  plane,  or  on  tlic  surface  of  a  ball,  it  is  evident 
that  the  detennination  of  iJie  patlis  and  movements  of  the  sun, 
moon,  and  planets  would  be  greatly  facilitated ;  for  this  purpose, 
with  respect  to  the  moon  and  planets,  it  would  be  only  necessary 
to  extend  a.  thread  to  pass  through  the  apparent  places  of  those 
bodies  and  some  of  tlie  neighbouring  stars,  in  two  difiWent  di- 
rections ;  then  lines  being  drawn  on  the  planisphere,  or  arcs  on 
the  surface  of  the  ball,  to  pass  tlirough  the  rejircsentations  of 
the  stars,  the  intersection  would  give  the  place  of  the  moon  or 
planet. 

The  figures  under  which  the  stars  have  been  grouped,  origin- 
ally, perhaps,  represciited  the  deities  of  the  East,  and  some  of 
the  principal  circumstances  connected  with  husbandry  and  reli- 
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gion ;  and  it  was  probably  as  much  for  the  purpose  of  tranmiiU  I 
ting  tbose  tircumslauccs  to  posterity  as  of  facUitating  a  know- 
ledge of  the  places  of  the  stars,  that  such  figures  were  imagined  I 
to  exist  on  the  surface  of  the  celestial  vault.     But  when  the 
science  of  astronomy  began  to  bo  cultivated  by  tlie  Greeks,  the  | 
vanity  which  prompted  this  people  to  ascribe  to  persons  of  their  ' 
own  nation  the  achievements  of  foreign  heroes,  seems  to  have  'M 
led  them  even  to  change  Uic  legends  pictured  by  tlie  ChaUeans  i 
and  Egyptians  on  the  face  of  heaven  for  others  drawn  from  the  I 
fables  which  formed  the  basis  of  their  oivn  mythology  and  his-  I 
tory.     The  Mithraic  Lion,  the  symbol  by  which  the  earliest  I 
Eastern  nations  represented  royalty,  is,  perhaps,  Uie  only  con- 
stellation remaining  of  tliose  which  were  formed  by  the  Chat- 1 
deans ;  and  we  have  the  testimony  of  Plutarch  to  proi'c  thai  ' 
some,  at  least,  of  the  actually  existing  figures  are  Iransfomia- 
tions  of  others  which  had  been  placed  in  the  heavens  by  the 
Egyptians ;  for  tliis  writer,  who,  in  bis  treatise  De  Iside  el  Osi- 
ride,  makes  the   priests  of  Egvpt  say  that  the  souls  of  the  gods  J 
shine  in  the  heavens  and  are  stars,   adds  that  the   constell^l 
lion  of  Isia  is  called,  by  the  Greeks,  Canis;  that  of  Honia^  1 
Orion,  and  tliat  of  Typhon,  I'rsa. 

The  sculptured  planisphere  which  has  been  recently  disco-  J 
vered  on  tlie  ceiling  of  the  Temple  at  Denderali  cannot  be  I 
expected  to  show  many  of  the  constellations  invented  by  the  I 
ancient  people  either  of  Chaldea  or  Egypt,  since  its  execution  ii 
now  well  known  to  have  been  subsequent  to  the  time  when  tht 
Greek  astronomy  was  prevalent  in  the  East;  yet  as  certain  difr  I 
ferences  are  foiuid  iR'tween  tlie  figures  on  the  Egyptian  temple  ' 
and  those  which  distinguish  the  constellations  deBcribed  by  the 
Greek  writers,   it  is  probable  that  tliero  may  be  some  among 
them  belonging  to  that  distribution  of  the  stars  which  was  made 
by  tlie  people  of  the  country.    The  above-mentioned  assertions 
of  Plutarch  seem  also  to  bo  confirmed  by  this  monument,  for  in 
the  place  of  Canis  Major  is  traced  a.  cow,  the  niiiuial  consecrated  J 
t<»  Isis;   inKt(>ad  of  Orion  is  the  figure  of  a  man  wliich  ta  sup-  I 
posed  to  he  intended  for  tlie  son  of  Osiris,  and  in  the  part  where  ^ 
we  now  place  Draco  is  a  figure  hnviog  some  resemblance  to  that 
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of  a  hippopotamus,  which,  as  well  as  the  bear,  is  said  by  Plu- 
tarch "  to  be  tile  emblein  of  Typhou  and  the  habitatiou  of  his 
spirit.  Near  the  group  of  stars  representing,  as  it  is  thought, 
the  HyadL's,  is  the  figure  of  a  hog,  which,  perhaps,  originally 
designated  that  cluster  ;  the  hog  being  an  animal  of  great  im- 
portance to  the  Egyptians,  and  from  its  Greek  name,  the  word 
llyades  is  supposed  to  have  been  derived.  In  the  sculpture,  the 
figure  of  a  man  with  the  head  of  an  ox  is  believed  to  be  the  ori- 
ginal of  the  herdsman  Bootes ;  and  the  place  of  Ursa  Minor  it 
occupied  by  a  wolf. 

It  is  remarkable  tliat  the  constellation  entitled  Libra,  wliich  it 
found  in  all  the  zodiacs  on  the  Egyptian  temples,  and  certainly 
formed  one  of  the  divisions  of  tlie  celestial  sphere  in  the 
ancient  Egyptian  astronomy,  should,  Irom  the  time  ofEmpe- 
doclcs  ",  have  been  omitted  in  the  descriptions  of  the  heavens 
given  by  the  astronomers  of  Greece,  who  made  tlie  claws  of 
Scorpio  extend  so  far  as  to  occupy  all  the  space  which,  pre- 
viously, had  been  assigned  to  Libra:  the  lalter  was  restored  by 
the  philosophers  of  the  Alexandrian  school,  and  it  has  ever  since 
retained  its  place  among  the  zodiacal  signs. 

.\boTe  and  below  the  twelve  zodiacal  constellations  in  the 
planisphere  of  Denderah  are  many  representations  of  men, 
women,  ]ilatits,  and  instruments  besides  the  above-mentioned 
objects,  and  M.  Jollois  endeavours  to  prove  tliat  some  of  these 
also  represent  the  constellations  which  we  fiud  upon  our 
common  globes*.  Be  that  as  it  may,  the  ascertained  points  of 
resemblance  between  the  figures  on  the  planih-phere  and  those 
we  now  suppose  to  be  traced  in  the  heavens,  shew  that  little 
change  has  been  made  in  the  distribution  of  the  stars  since  the 
origin  of  the  Greet  astronomy ;  and,  on  this  account,  the  con- 
templation of  tbe  figures  into  which  the  stars  arc  grouped  must 
possess  considerable  interest  for  tbe  classical  scholar  to  whose 
mind  lliey  present  an  eternal  picture  of  the  principal  circum- 
stances in  the  ancient  mj'lhology,  on  which  he  has  from  youth 
been  accustomed  to  dwell  with  particular  delight. 

At  the  time  when  the  stars  were  first  reduced  under  determi- 

i«,  Bibtiotti.  Gnpra,  lib.  II.  cnp.  IS. 
iquia  i!e>  l^pticiii.  tvt.  I.  ch.  I. 
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nate  figures ;  that  is  when  the  inhabitants  of  the  Assyrian  plains 
made  their  first  observations  of  the  heavens,  the  space  now  dis- 
tinguished  by  the  constellation  Draco  was  immediately  in  the 
vicinity  of  the  northern  extremity  of  the  axis  about  which  the 
whole  celestial  sphere  seems  to  revolve ;  and  one  of  the  stars, 
since  designated  a,  in  that  constellation  was  then  so  near  the 
pole  that  it  must  have  appeared  stationary  during  the  whole 
revolution,  though  now,  after  a  lapse  of  nearly  four  thousand 
years,  it  has,  by  that  slow  movement  to  which  all  the  stars 
appear  subject,  deviated  from  the  pole  as  much  as  about  25 
degrees.  The  figure  which  was,  no  doubt  by  the  Greeks,  made 
to  coincide  with  a  number  of  stars  situated  in  this  part  of  the 
heavens,  in  a  curviUnear  direction,  is  supposed  to  represent  the 
dragon  appointed  to  watch  the  Garden  of  the  Hesperides. 
Within  one  of  the  sinuosities  formed  by  this  figure  is  placed  the 
constellation  Ursa  Minor,  which  seems  to  have  been  intended  to 
commemorate  the  transformation  of  Areas,  the  son  of  the  nymph 
Calisto,  and  the  grandson  of  Lycaon  king  of  Arcadia ;  it  consists 
of  seven  principal  stars,  one  of  which,  forming  the  extremity  of 
the  animal^s  tail,  is,  at  present,  the  polar  star,  being  situated 
within  two  degrees  of  the  point  in  which  the  produced  axis  of 
the  earth  would  actually  meet  the  heavens.  On  the  opposite 
side  of  Draco  is  the  constellation  Ursa  Major,  which  represents 
Calisto  herself;  it  contains  seven  briUiant  stars  disposed  in  a 
figure  resembUng  that  of  Ursa  Minor,  and  has  been  particularly 
distinguished  since  the  most  ancient  times ;  though  it  did  not 
always  occupy  the  whole  of  the  space  at  present  assigned  to  it ; 
for  the  body  of  the  animal  appears  to  have  been  originally  con- 
fined, by  the  Greeks,  to  the  ,  quadrangle  formed  by  the  four 
principal  stars. 

At  an  equal  distance  from  the  place  of  the  present  pole  of  the 
world,  but  on  tlie  opposite  side  of  it,  are  situated  the  constella- 
tions Cepheus  and  Cassio))eia ;  representing  a  prince  of  India  or 
Arabia  and  his  consort :  the  former  contains  three  distinguish- 
able stars  forming  an  obtuse  triangle,  and  the  other  contains 
seven  which  are  so  disposed  as  nearly  to  resemble  tlie  groups 
composing  Ursa  Major  and  Minor.  Beyond  Cassiopeia  towards 
the  south  is  the  constellation  Andromeda  which  may  be  easily 
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recognized  by  its  three  piincipol  stars  lying  nearly  in  a  right 
line  and  t-quallj'  (listant  from  each  other :  this  ])rincess  was  the 
daugliter  of  Cqjheus  and  is  eaid  to  hare  been  exposed  on  the 
sea-shore  hy  her  fatlier,  ti>  be  <levoiired  by  a  monster,  in  order 
to  propitiate  Neptune  who,  for  tlie  punishment  of  Cassiopeia, 
liad  afflicted  the  country  with  a  pestilence.  '1  he  great  constel- 
lation Cetus,  wliicli  is  far  beyond  Andromeda  towards  the  south, 
is  intended  to  represent  this  monster ;  it  contains  several  con- 
siderable stars  but  they  are  not  disposed  in  any  figure  which 
can  be  easily  recognized.    ' 

Immediately  on  tlie  eastern  side  of  .\ndromGda  is  Perseiu, 
her  deliverer  and,  subsequently,  her  husband,  who  may  be>  dis- 
tiiiguislied  by  three  considerable  stars  disposed  in  a  right  line, 
and  by  two  others  in  a  hne  oblique  to  the  former :  near  this  con- 
stellation is  a  cluster  of  stars  considered  as  forming  the  head  of 
.the  Gorgon  Medusa.  About  the  saiue  distance  from  the  present 
place  of  the  north  pole,  and  on  the  east  of  Ferscus  is  the  con- 
stellation Auriga  which  is  supposed  to  commemorate  Erichthonius 
king  of  Alliens ;  it  contains  but  two  considerable  stars  and  the 
Briatest  of  these  is  situated  in  the  figure  of  a  goat  which  is 
borne  on  the  left  shoulder  of  die  king  and  was  intended  to  de- 
signate Anialtbeus,  tlie  nurse  of  Jupiter. 

A  long  tract  extending  about  the  pole  eastward  from  Perseus 
was  occupied,  in  the  ancient  representations  of  the  heavens,  by 
stars  not  formed  into  any  constellation ;  but  beyond  Ursa  Major 
came  Bootes,  or  tlie  Pastor,  su])poBed  tu  be  Icarus,  a  king  of 
Lacedemonia  who  taught  the  art  of  cultivating  the  vine ;  within 
the  figure  arc  eight  considerable  stars,  but  the  principal  is 
Arctnrus,  which  is  situated  in  one  of  his  knees.  On  the  eastern 
side  of  this  constellation  is  the  nortliem  crown  which  is  pre- 
tifnded  to  be  the  diadem  of  Ariadne  and  consists  of  several  stars 
disposed  in  a  semicircular  order.  Continuing  in  the  same  di- 
rection alrout  the  pole  we  come  to  Hercules  who,  anciently, 
bore  in  his  hand  a  branch  supposed  to  have  been  taken  fiTim 
llie  Clarden  of  tlie  Hesperides,  and  who  is  easUy  distinguished 
hy  four  stars  forming  the  figure  of  a  trapezoid :  then  follow  the 
Lyre  of  ApoUo  or  of  Orpheus  in  which  is  tjic  brilliant  star  Vega, 
and  tlie  Swan,  supposed  to  represent  Or|)licuB  himself,  which  is 
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di8tinguisha.>ile  by  the  principal  stars  being  disposed  in  Uie  fc 
of  a  crucifix. 

Southward  of  Hercules  i»  the  constellation  Ophiuchus  w 
commemorates  Eseulapius  tlie  father  of  medicine ;  and  sevcnd 
stars  forming  a  long  waving  line  running  llirongh  the  figure  are 
considered  as  constituting  a  seri)ent,  the  emblem  of  his  wisdom. 
Near  Ophiuchus  is  the  eagle  which  conveyed  Ganymede  to  the 
court  of  Jupiter ;  it  is  distinguished  by  three  stars  disposed  in  a 
right  line :  a  small  cluster  of  stars  forming  a  kind  of  lozenge  re- 
presents the  dolphin  which  bore  Arion  to  tlie  shore;  and,  lo 
complete  this  circle  of  constellations,  we  have  Pegasus  which 
sprang  from  the  fountain  Ilii)p(jcrcne;  tlie  four  principal  &1 
iu  this  group  being  disposed  at  the  angular  points  of  a  square 
the  heavens  permit  it  to  be  easily  distinguished. 

Twelve  remarkable  constellations  are  situated  nearly  in 
direction  of  the  ecliptic  and,  consequently,  serve  lo  mark 
])laces  of  the  sun,  moon,  and  planets,  of  which  all  that  w 
known  to  the  ancients  apjH^ar  to  describe  pallis  lyinp  williin  a 
narrow  zone  surrounding  that  part  of  the  heavens.  The  first  of 
tliese  constellation:;,  which  is  distinguished  by  the  name  of  Aries, 
comes  between  Andromeda  and  Perseus  but  is  further  towards 
the  south  than  cither ;  it  is  distinguished  bv  three  stars  of  dif- 
ferent degrees  of  splendour,  which  form  an  ubUise  angled  tril 
gle,  and  it  designates,  probably,  the  ram  bearing  the  goli 
fleece  which  gave  rise  to  the  voyage  of  tlie  Argonauts.  Folli 
ing  Aries,  towanls  the  cast,  is  the  constellation  Taurus,  supposed 
to  be  the  bull  which  carried  awayEuropa;  in  the  neik  of  the 
animal  is  a  cluster  well  known  by  the  name  of  tlio  Pleiades,  and 
supposed  to  be  the  seven  daughters  of  Atlas ;  and  in  his  head  is 
the  very  brilliant  star  .Aldebaran  and  a  cluster  denominated  the 
Hyades.  More  eastward  is  the  constellation  Gemini  rc]jresent- 
iiig  t'astor  and  Pulhix  or,  according  lo  Hipparchus,  Apollo  and 
Hercules ;  a  bright  star  is  in  tlie  head  of  each  of  these  two 
figures,  and  below  them  are  four  others  fonning  a  quadrangle. 
Next  to  these  follows  Cancer,  which  is  supposed  to  represent 
the  niiitnal  sent  by  Jujiiter  to  arrest  the  flight  of  a  nymph  of 
whom  he  was  in  pursuit;  and  afterwards,  the  Nemean  lion 
.  which  was  slain  by  Hercules ;  lliis  constcUatiott  is  distinguished 
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by  four  stars  fonning  nitli  each  other  ao  irregular  quadrangle, 
in  the  body,  and  by  several  others  iu  the  head,  of  the  figure. 
Virgo  is  the  next  in  order,  and  represenls  C't'res  or  IsIb  or,  per- 
haps, Erigone  tlie  daughter  of  Icarus ;  it  contains  six  consider- 
able stars  near  the  westem,  and  one  still  more  brilliant,  towards 
the  eastern  extremity. 

In  llie  more  ancient  rqjreseiitations  of  the  lieaiens,  the  suc- 
ceeding constellation  was  Libra,  or  the  Balance,  and  tlae  instru- 
ment was  sometimes  accompanied  by  tlie  figure  of  a  man  who 
is  supposed  to  have  been  its  biventor,  Scorpio,  whose  claws, 
in  some  of  the  descriptions  of  the  zotliac  given  by  tlie  Greeks, 
extended,  as  we  have  said,  so  far  as  to  fill  the  space  occupied, 
before,  and  subsequently  to  their  times,  by  Libra,  represents  the 
animal  sent  by  Diana  to  destroy  Orion  for  presuming  to  rival 
her  in  tlie  chace ;  the  constellalion  contains  sevcrid  bright  stars, 
of  which  those  at  the  western  extrenuty  are  disposed  nearly  in 
the  form  of  an  anchor.  Sagittarius  follows,  and  is  considered 
as  commemorating  the  Centaur  Chiion,  the  inventor  of  medicine ; 
it  is  chiefly  distinguishable  by  four  stars  forming  a  long 
quadrangle  in  the  front  of  the  figure. 

Capricomus  is  suiijtosed  to  designate  Pan  who  tooh  this  form 
in  order  to  escape  the  giant  Typhon :  the  constellation  may  be 
known  by  two  bright  stars  in  the  head  of  the  goat  and  one  at 
the  opposite  extremity,  Aquarius  may  have  beeu  intended  to 
represent  Deucalion  who  re-peopled  the  earth  after  the  Thes- 
salian  deluge ;  its  three  principal  stars  have  the  figure  of  a  long 
triangle.  The  constellation  FHsces  was  pla.ed  in  tlie  (innament 
to  conunemoratc  tlie  transformation  of  Venus  into  a  fish  when, 
being  alarmed  by  Typhon,  she  plunged  into  the  Euphrates. 

Between  Taurus  and  Gemini,  but  to  the  south  of  both,  is  the 
celebrated  hunter  Orion,  who  fonus  the  most  splendid  consteUa- 
lion  in  the  heavens,  where,  as  some  suppose,  the  figure  has  in 
every  sphere  kept  unchanged,  except  in  name,  the  station  to 
which  the  devotion  or  the  fears  of  Uie  Chaldeans  had  elevated 
their  monarch  Belus ;  he  is  distuiguishable  by  a  bright  star  in 
each  shoulder  and  leg  forming,  together,  a  large  quadrangle 
within  which  are  tlirce  stars  disposed  in  a  line  and  resembling  a 
girdle.     Below  Orion,  towards  the  south-east  is  Cauia  Ma.yn, 
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originaUy,  perhaps,  representmg  the  Egyptian  god  Anubis  but 
subsequently,  by  the  Greeks,  conyerted  into  one  of  the  dogs  of 
Orion ;  in  the  lower  part  of  the  figure  are  four  bright  stars  and 
in  the  upper  part,  three ;  one  of  which  (Sirius)  is  the  most  bril- 
liant in  the  heavens.  A  long  constellation  to  the  south  of 
Leo  and  Virgo  represents  the  hydra  of  Lerna ;  and  still  further 
southward  is  the  celebrated  ship  of  Argos  or,  as  it  is  called  by 
Plutarch,  the  ship  of  Osiris,  in  the  lower  part  of  which  is  the 
bright  star  Canopus.  Between  Orion  and  Cetos,  and  extending 
firom  thence  to  the  South  Pole  is  Eridanus,  which  is  said  to  re- 
present either  the  Po,  in  Italy,  or  the  Nile,  in  Egypt  And  to 
terminate  this  brief  description  of  the  ancient  constellations  we 
may  mention  the  Galaxy,  an  irregular  zone  of  whitish  hght 
which  surrounds  the  heavens;  it  begins  to  be  visible  in  the 
south  near  the  tail  of  Scorpio  where  it  divides  into  two  branches 
nearly  parallel  to  each  other ;  passes  northward  through  Sagit- 
tarius, Aquila,  Cygnus,  Cepheus  and  Cassiopeia ;  firom  thence, 
turning  towards  the  south,  it  runs  through  Perseus,  Auriga,  the 
feet  of  Gemini,  Canis  Major  and  the  ship  of  Argos,  where  it 
ceases  to  be  visible  to  the  inhabit^ts  of  the  northern  regions 
of  the  earth.  The  opinions  of  the  ancients  concerning  the  na- 
ture of  the  Galaxy  can  hardly  be  distinguished  through  the  veil 
of  allegory  with  which  they  usually  enclosed  their  descriptions 
of  the  heavens :  on  the  supposition  that  the  sphere  surrounding 
the  region  of  the  fixed  stars  was  a  material  substance,  GBnopides 
of  Chios  described  tliis  zone  as  the  trace  of  an  ancient  road  on 
which  tlie  sun  once  performed  his  yearly  revolutions  about  the 
eartli  * ;  and  Thcophrastus,  as  we  have  said,  considered  it  as  the 
place  of  junction  of  the  two  portions  which  constitute  the  ce- 
lestial sphere.  Neither  of  these  fancies  can  be  understood  as 
any  thing  more  than  a  poetical  figure ;  but  the  writer  last  quoted 
has  recorded  the  assertion  of  Democritus,  so  remarkably  veri- 
fied by  the  discoveries  of  Sir  William  Herschell,  that  the  appear- 
,  ance  is  caused  by  the  blended  light  of  an  incalculable  number 
of  stars  situated  in  that  particidar  region^.  ^*  Innumer<u  $iel- 
las,  brevesque  omneSf  quw  spisso  iraciu  in  unum  coactm,  spatiis^ 

*  AchillM  Tatiut,  laagoge,  in  PeUv.  ca|i.  S4. 

^  Macrob.  comment,  in  Soma.  8dp.  Lib.  I.  oap.  16. 
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yure  aiigualissitHa  interjacent,  opertia  vidua  sibi  undtque,  et 
ideo  pm»im  dijfas<e  lucis  mpergine  conlinmim  juhcti  lumim's 
cor/iiu  oslendutil."  A  similar  opiiuoD  appears  to  have  been  en- 
tertained hy  the  ancient  Persians. 

Tlie  account  wo  bare  given  of  the  zodiacal  constellations  is 
in  accordance  with  the  notions  of  those  who  imagine  that  they 
were  intended  to  represent  some  of  the  circumstances  connected 
with  the  Greek  mythology ;  but  it  is  equally  probable  that  the 
figures  bave  some  relation  to  the  rural  operations  of  the  an- 
cients, or  to  the  phenomena  presented  by  the  sun.  It  has  been 
supposed  that  the  figure  of  a  ram  was  given  to  the  assemblage 
of  stars  forming  the  first  constellation  because,  when  this  divi- 
sion of  the  heavens  was  made,  the  sun  was  in  that  part  of  the 
Kodiac  at  the  season  in  which  animals  of  Uie  above  kind  were 
taken  from  the  stables  to  the  fields.  It  is  also  pretended  that 
the  lion,  an  animal  distinguished  for  strength  and  ferocity,  was 
chosen  to  represent  the  violence  of  the  heal  experienced  in  sum- 
mer ;  the  scorpion,  to  designate  the  imheallhiness  of  the  autumn ; 
and  tlie  balance,  to  express  the  equality  in  the  lengths  of  the 
days  and  nights  at  the  same  season.  The  name  of  Cancer,  an 
asimal  which  is  said  to  move  backwards  in  walking,  may  have 
been  applied  to  the  fourth  constellation  to  express  the  return  of 
Ibe  sun  from  the  summer  solstice  ;  and  the  name  of  Capricomus, 
an  animal  which  seems  to  bave  a  facility  in  climbing  up  rocks, 
to  the  tenth,  in  order  to  represent  the  rising  of  the  sun  fi-ora  the 
winler-Uopic,  It  is  worthy  of  remark  that,  according  to  Ma- 
crobius ',  the  ancients  designated  the  signs  Cancer  and  Capri- 
corn as  tlie  gates  of  the  sun,  at  which,  having  arrived,  that 
lominaiy  seemed  to  retrace  his  patli  in  the  zone  which  he  never 
leaves.  Tlirough  Cancer,  also,  he  says,  llie  spirits  of  men  were 
supposed  to  pa£s  in  descending  from  heaven  to  earth ;  and 
through  Capricorn,  which  therefore  was  called  the  gate  of  the 
gods,  they  aucendcd  from  earth  to  heaven. 

A  probable  opinion  is  expressed  in  the  works  of  Macrobius 
and  Solinus"  for  the  choice  of  the  constellation  Aries  to  mark 
the    commencement  of  the  zodiac :  these  writers  observe  that 
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the  presence  of  the  euti  in  Leo,  being  contemporaiy  with  I 
siiramcr  season,  in  which  all  the  productive  powers  of  nature  a 
displayed  on  the  earth,  was,  on  that  account,  imagined  h\  l] 
Kgyptian  priests  to  coincide  witli  the  ,birth,  a£  it  is  called,  i 
the  universe  ;  hut,  at  the  rising  of  this  constellation,  Aries  ii 
the  raid-heaven,  the  vertex  or  summit,  as  it  were,  of  the  celei 
tial  sphere,  and  was  therefore  appropriately  considered  as  1 
head  or  leader  of  the  zodiacal  conBtellalionB. 

The  particular  denominations  assigned  by  tlie  Egyptians  a 
Greeks  to  some  of  the  groups  of  stars  have  been  found  to  pre 
vail  among  the  uncivilised  natives  of  the  western  world.     Mi| 
Bailly  ',  quoting  the  words  of  Pere  Lafliteau,  states  that  1 
Iroquois  express  the  constellation  Ursa  Major  by  a  word  signi'fl 
fying  a  Bear ;  he  shews  also,  from  Pcre  Souciet,  that  the  peojd 
inhabiting  the  banks  of  the  Amazon  call  tlie  Hyades  (in  Tai 
by  a  Uiime  signitying  the  jaw  of  an  ox  ;   and,   from  Tarioi 
authors,  that  the  Galaxy  is,  by  the  Greeks,  the  Arabs,  and  the  ' 
savages  of  America,  designated  a  road ;  the  Chinese,  alone,  call 
it  the  celestial  river.     The  coincidences  above  mentioned  may 
be  accidental,  but  it  is  not  impossible  that  some  notions  respectfj 
ing  tlie  astronomy  of  the  ancient  world  may  hare  been  c 
across  the  Pacific  Ocean  by  the  Malayan  or  Mongolian  tribi 
which,  witli  great  reason,  are  believed  to  have  colonised,  and  6 
ages  possessed  the  vast  continent  first  made  known  to  the  r 
of  mankind  by  the  genius  and  fortune  of  Columbus. 

As  we  purpose  to  exhibit  a  view  of  the  progress  made  in  i 
contemplation  of  the  celesrial  bodies  and  their  movements,  j 
will  not  be  lliought  irrelevant  to  the  subject  if  we  here  noUot 
tlie  leading  phenomena  which  were  supposed  to  be  the  proid-l 
mate  causes  of  the  inlluence  of  the  heavens  upon  the  lives  o 
men ;  for  we  consider  a  knowledge  of  the  human  mind  to  be 
imperfectly  attained  uuless  its  aberrations  from,  as  weQ  as  its 
direct  advances  in  the  path  of  science  have,  been  attentively 
studied. 

Those  who  have  explained  the  rules  for  forming  afitrulogical 
judgments  respecting  the  concerns  of  men,  according  to  lite  . 


e  BcUirdu.  lir.  IX.  ■ 
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principles  which  they  prelcnd  lo  have  been  laid  down  by  tJie 
ChaldeanR,  assert  thai  the  zodiacal  conslellalions  or  signs  are 
those  which  produce  Ihe  most  important  effects ;  tliat  the  sign 
which  appears  ascending  above  t)ie  horizon  at  the  mgment  of  the 
birth  of  a  man,  determines  his  character,  profession  and  fortune, 
and  ihal  these  are  supposed  to  depend  on  the  qualilien  or  uses  of 
the  auimal  which  marks  the  ascending  sign ".  Tlie  extra-zo- 
diacal signs  were  also  supposed  to  have  influences  of  the  same 
kind,  and  these  M'cre  dcteimined  in  like  manner  by  tlieir  ascent 
above  the  horizon  at  tlie  birlli  *■.  The  zodiac  was  divided  into 
twelve  stations  or  mansions,  and  that  occupied  by  the  moon, 
at  the  lime  of  the  birth  of  a  man  determined  the  duration  of  his 
life ;  tlie  nimiber  of  years  being  different  in  the  several  man- 
sions'.  The  twelve  zodiacal  constellations  were  distinguished 
into  such  aa  were  friendly  and  unfriendly ;  and  persons  bom 
under  those  of  the  former  class  were  supposed  to  live  to- 
gether in  peace,  while  those  bom  under  the  latter  were  imagined 
to  be  inclined  to  hostility''.  The  same  constellations  were  also 
distinguished  according  to  their  aspects,  which  were  determined 
by  their  angular  distances  from  each  other,  and  denominated 
trine,  quartile  and  sexfile,  according  as  the  distances  were  one- 
third,  one-fourth,  or  one-sixtli  of  the  circumference  of  the  zodiac  ; 
the  conjunctions  and  oppositions  were  also  considered  as  posi- 
tions of  considerable  importance.  By  inscribing  an  equilateral 
triangle  in  tlie  circle  of  the  zodiac,  having  Its  angular  points  in 
the  middle  of  three  of  the  signs,  a  trigon  was  tbrmed,  and  it  is 
evident  that  there  might  be  thus  formed  foiu-  different  trigons 
whose  angles  would  fall  in  all  tlie  twelve  signs.  To  these  tri- 
gons were  given  the  names  and  qualities  of  the  four  elements : 
thus  the  first,  formed  by  Aries,  Leo,  and  Sagittarius,  was  called 
die  trigon  of  fire ;  the  second,  I'ormed  by  Taurus,  Virgo,  and 
Capricomus,  was  called  the  trigon  of  earth ;  the  third,  formed  by 
Gemini,  Libm,  and  Aquarius,  was  the  trigon  of  air ;  and  the 
fourth,  fonncd  by  Cancer,  Scoipio,  and  Pisces,  was  the  trigon  of 
water.     In  like  manner  there  might  be  fonncd  three  tetragons 


Iliid.  I>ib.  V.  ver.  39. 
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and  two  hexagons  *.  It  would  be  loss  of  time  to  do  more  than  I 
name  these  frivolities ;  we  are  astonished  that  they  should  e^er  I 
have  been  the  subject  of  serious  consideration  for  a  moment,  and  I 
it  is  humiliating  to  reflect  that  they  once  entered  into  the  creed  I 
of  the  learned,  in  Europe. 

The  importance  of  the  sun  in  serving  as  a  measure  of  tirn*  I 
more  extensive  than  that  afforded  by  the  moon,  must  have  bb-  [ 
come  sensible  when  it  was  discovered  that  this  luminair  had  a  j 
movement  from  west  to  east,  as  well  as  the  latter,  though  with  | 
less    apparent   velocity,  while  it  aliso    partook  of  the   getienl  i 
movement  of  the  lirmament  from  east  to  west:  and  though  I 
observations  of  that  motion  could  not  be  so  easily  made  as  a  I 
the  former  case  because,  while  the  sim  is  above  the  circle  tbikj 
boimds   our  view  of  the  earth  and  heavens,  the  stars  bv  whiek4 
his  movement  is  to  be  ascertained  are  rendered  in\-i8iHe  from  h 
own  superior  brilliancy;  nevertlieless,  an  attentive  consideraliofl  1 
of  the  heavens  a  little  iiefore  the  rising  and  after  the  selling  of -I 
the  sun  would  soon  shew  the  reality  of  Uiis  twofold  movement  f 
In  order  to  detect  the  motion  from  west  to  east,  it  would  ba  | 
only  necessary  to  talte  notice   of  some  principal  star,  which,  i 
any  day,  ascends  above  the  horizon  iu  or  near  the  oast,  a  short  I 
time  before  the  sun,  and  to  repeat  the  obsei'vation  afrer  an  in*  I 
terval  of  a  few  days  :  it  will,  then,  be  apparent  that  tlie  distanet'l 
between  the  sun  and  that  star  has  increased,  so  that  the  )atter4 
now  ascends  above  the  horizon  a  considerable  time  before  tbs 
8im.     Eittier,  then,  the  star  has  receded  from  the  sun  towards 
the  west,  or  the  latter  has  advanced  towards  the  east  during 
that  time ;   but,  as  tho  relative  distances  of  the  stars  do  not  ap* 
])ear  to  change,  it  nould  seem  more  probable  that  the  observed 
motion  was  that  of  the  sun.     And  if  the  stars  which  set  soon 
after  the  suji  were,  on  any  night,  observed,  it  would  be  found, 
that,  after  a  few  nights,  those  stars  would  cease  to  be  visible  at 
sun-set,  and  others  whicli,  before,  were  situated  more  eastwaid  , 
than  the  fonner  would  occupy  tlicir  places  near  the  horizon  ;  i 
circumstance  wMch  also  indicates  a  movement  of  the  aun  froM 
west  to  east. 
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It  is  conceivable  tliat  such  obsen-ations  would,  in  the  infancy 
of  astronomy,  be  continued  during  long  periods ;  and  perhaps 
it  would  be  found  that,  at  the  end  of  a  certain  time,  suppose 
et^ual  to  the  intenal  between  two  successive  summers  or  winters, 
the  sun,  having  continued  to  advance  towards  the  east,  had  ar- 
rived nearly  in  the  same  position  as  at  first  with  respect  to  one 
fixed  star ;  and,  thus,  the  length  of  the  year  might  be  found  to 
depend  upon  a  complete  apparent  revolution  of  the  sun,  in  that 
manner,  about  the  earth.  Such  observations  of  the  rising  and 
setting  of  jiarticular  stars,  near  the  sun,  if  continued  during  that 
time,  would  also  serve  to  shew,  with  accuracy  sufficient  for 
the  purposes  of  the  first  observers,  the  direction  of  tiie  ecliptic ; 
that  is,  of  the  sun's  path  in  the  heavens :  thus  it  would  be  foimd 
that  this  route  lay  between  the  stars  now  marked  «  in  the 
constellations  Aries  and  Cetus:  between  Aldebaran  and  llie 
Pleiades  in  the  constellation  Taurus,  and  so  on,  through  the 
whole  circuit. 

The  want  of  precision  in  the  observations  of  the  heliacal 
risings  and  settings  of  stars,  as  those  above  alluded  to  were  de- 
^gnated,  would,  however,  afford  a  detennination  of  the  length 
of  the  year  too  vague  to  be  satisfactory  even  to  a  people  but  a 
Uttle  way  advanced  In  the  knowledge  of  the  heavens ;  and  the 
observation  of  another  movement  in  the  sun  would  lead  to  a 
meaus  of  fixing  its  duration  within  more  useful  limits.  It  is 
evident,  to  tlte  most  superficial  obsencr,  that  the  sun,  when  in 
the  middle  of  liis  diurnal  course,  is  more  elevated  above  the 
southeni  part  of  the  horizon  in  one  season  than  in  another ; 
and  the  changes  of  elevation  may  be  obsened  to  produce  cor- 
responding variations  in  the  lengths  of  the  shadows  cast  by  ter- 
restrial objects  on  the  level  surface  of  the  ground.  Hence 
would,  naturally,  originate  the  idea  of  raising  a  gnomon  or  pillar, 
in  a  vertical  position,  from  a  pavement  rendered  as  liorizontal  as 
possible  ;  tliat,  by  the  variable  length  of  the  shadow,  might  be 
indicated  the  changes  in  the  altitude  of  the  sun,  the  direction  of 
hill  path  in  the  heavens,  the  length  of  the  year,  and  the  diviMoo 
of  the  day  into  portions. 

The  employment  of  a  vertical  pillar  or  gnomon  for  astrono- 
mical piuposes,  was  probably  general  wherever  the  science  was 
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cultivated  not  only  in  its  infancy,  but  even  for  some  time  after 
graduated  instruments  had  been  constructed.  Its  invention  may 
be  ascribed  to  the  Chaldeans,  for  Herodotus  states  *  that  the 
Greeks  learned  from  them  (the  use  of)  the  pole  {toxov)  and  gnomon 
{ivufxova)^  and  to  divide  the  day  into  twelve  parts  ;  yet  it  is  right 
to  observe  that  Delambre  conceives  tlie  terms  to  signify  only  the 
hemisphere  or  sun-dial  of  Berosus  ^.  Be  that  as  it  may,  we  find 
the  gnomon  in  use  among  the  Greeks  and  Romans,  the  Hindus 
and  Chinese ;  and  though  no  direct  evidence  now  exists  that 
the  Chaldeans  or  Egyptians  applied  it  to  the  purpose  of  finding 
the  days  of  the  greatest  and  least  altitudes  of  the  sun,  yet  it  can 
scarcely  be  doubted  that  so  simple  a  mean^  of  determining  the 
length  of  the  year  must  have  presented  itself  to  an  agricultural 
people,  to  whom  a  knowledge  of  the  returns  of  the  seasons  was 
of  the  highest  importance.  The  pjTamidal  stone  130  feet  long 
and  25  feet  square  at  the  base,  which  is  said  by  Diodorus  Si- 
culus  ^  to  have  been,  by  order  of  Semiramis,  hewn  out  of  the 
mountains  of  Armenia,  and  set  up  in  a  conspicuous  part  of  the 
city  of  Babylon,  is,  by  Maurice  **  supposed  to  have  been  the 
prototype  of  all  succeeding  obelisks,  and  used  as  a  gnomon : 
and  if  any  dependence  can  be  placed  on  the  assertions  of  Jose- 
phus,  it  will  be  evident  that  in  Egypt,  from  a  very  early  time, 
the  gnomon  was  in  use  as  a  sun-dial  to  shew  the  hours  of 
the  day ;  for,  in  his  reply  to  Apion '  he  makes  the  latter  say, 
that  Moses  was  of  Heliopolis,  a  city  consecrated  to  the  sun ; 
that  he  was  skilled  in  the  learning  of  the  country,  and  that  he 
had  erected  a  cohmm  having,  at  the  top,  the  figure  of  a  man 
whose  shadow  moved  with  the  sun ;  and  it  is  nearly  certain  that 
the  dial  of  Ahaz  alluded  to  in  the  Scriptures  was  an  instrument 
of  a  like  nature.  The  fact  that  tlie  gnomon  was  used  to  divide 
the  day,  may  be  considered  as  a  sufficient  proof  that,  in  the 
same  part  of  the  world,  it  was,  also,  made  to  serve  for  the  above 
mentioned  purpose. 

The  obelisks  constructed  in  Asia,  and  near  the  entrances  of 
the   Egyptian    temples    have    also,    by   some    persons,    been 

'  Euterpe,  Cap.  109.  *  Hittoire  de  TAttron.  Tom.  I.  Additions. 

*  Bibl.  Hist.  Lib.  II.  C«p.  I.     ^  Appendix  to  the  Ruing  of  Babylon.    *  Lib.  II. 
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considered  as  gDomuDS  intciided  for  one  or  both  of  these 
objects,  and  the  opinion  seems  not  destitute  of  probability,  for 
Pliny  observes'  that  obelisks  were  so  called  because  they 
resemble  the  form  of  the  solar  beams;  and  that  they  were 
erected  among  every  peojile  distinguished  by  the  worship  of  the 
sun,  to  whom  they  are  believed  to  have  been  dedicated ;  on  this 
account  tliey  might,  very  appropriately,  be  made  subservient 
to  the  determination  of  time.  Delambrc's  objection  tliat  the 
forms  of  their  summits  are  such  as  not  to  permit  the  extremity 
of  the  shadow  to  be  accurately  defined  does  not  appear  to  he 
well  founded ;  since,  at  ihe  time  of  their  constniction,"  or  while 
the  practice  of  using  tliem  subsisted,  there  might  have  been 
adapted  to  the  upper  part  of  the  obelisk,  in  order  to  gain  the 
end,  a  metallic  rod,  terminating  in  a  point,  or  a  small  globe ; 
and  we  are  informed  by  Pliny  that  a  ball  was  actually  placed 
upon  the  obelisk  erected  by  Manlius  in  the  Campus  Maxtius  at 
Gome  for  the  very  purpose :  or,  lastly,  as  in  later  times,  a 
perforated  plate  might  have  crowned  the  summit,  by  which  a 
distinct  image  of  the  sun  would  be  formed  on  the  horizontal 
pavement ;  and  thus,  the  hour  might  be  shewn,  or  the  time  of 
ilie  solstice  ascertained  with  as  much  precision  as  was  then 
required.  According  to  Pliny,  the  Alexandiian  obelisk,  now 
denominated  Cleopatra's  Needle,  was  erected  by  Mesphres, 
who  is  supposed  to  have  lived  about  1700  years  before  Christ 

On  contemplating  the  daily  state  of  tlie  shadow  cast  by  the 
gnomon  at  noon,  an  attentive  obsen-cr  would  remark  that  about 
loidwinter  it  remained,  ibr  a  few  days,  apparently  of  one  and 
the  same  length;  he  would  afieiwards  find  that  it  began  to 
diminish,  at  first  by  small  decrements ;  but  the  daily  dificrences 
of  length  would  soon  become  more  perceptible,  and  it  w  ould  be 
seen  that  these  differences  were  tlie  greatest  at  the  commence- 
ment of  the  spring  quarter  of  the  year.  'J  he  absolute  length  of 
the  shadow  continuing  to  decrease,  tlic  daily  decrements  would 
subsequently  be  found  to  diminish  in  an  order  exactly  tlie  re- 
verse of  that  which  they  followed  in  tlie  previous  quarter,  and 
they  would  become  insensible  about  utidsummer  wtien  it  would 
seem  as  if  llie  altitude  of  the  sun  at  noon  remained  tlie  same  for 
■  Nat.  Hisl.  LIU  SXXVI.  cap.  8. 
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a  few  days ;  and,  hence,  would  arise  the  denominations  of  the 
summer  and  winter  solstices,  which  have  been  applied  to  the 
points  of  the  heavens  occupied  by  the  sun  on  the  days  of  mid- 
summer and  midwinter.  The  daily  lengths  of  the  shadows 
would  increase  from  midsummer  to  midwinter  in  precisely  the 
same  order  as  that  in  which  the  diminutions  took  place ;  and  a 
few  repetitions  of  the  observations  of  the  days  when  the  shadow 
was  the  longest  and  the  shortest  would,  probably,  suffice  to  enable 
the  ancient  astronomers  to  assign  three  hundred  and  six^-five 
days  to  the  length  of  the  year,  or  period  between  two  successive 
arrivals  of  the  sun  at  the  same  solstice.  The  difficulty  of 
ascertaining  the  precise  days  on  which  the  shadow  was  the 
greatest  and  least  would,  no  doubt,  be  immediately  fdt,  but  a 
mean  of  several  observed  times  must  have  given  the  length  of 
the  year  correctly,  with  respect  to  the  number  of  complete  days, 
and  greater  accuracy  was  probably  for  a  long  time  disregarded. 
The  near  coincidence  of  the  day  of  midsummer,  or  of  the  least 
shadow  of  the  gnomon,  with  the  first  appearance  of  a  rise  in  the 
waters  of  the  Nile,  on  which  the  fertility  of  the  soil  of  Egypt 
depends,  appears  to  have  induced  the  people  of  that  country  to 
consider  the  epoch  of  the  summer  solstice  as  the  commence- 
ment of  one  of  the  parts  into  which  they  divided  their  agri- 
cullnral  year. 

The  movements  of  the  moon  in  the  heavens  would  be  found 
to  resemble  those  of  the  sun,  for  she  has,  as  we  have  already 
mentioned,  one  motion  from  the  west  towards  the  east,  and 
another,  in  common  with  all  the  celestial  bodies,  in  the  contrary 
direction;  again,  she  attains  on  different  nights,  different 
elevations  above  the  horizon,  when  in  the  middle  of  her  noc- 
turnal course ;  and  it  must  have  been  soon  observed  that,  within 
a  period  equal  to,  but  not  always  coincident  with  that  which 
elapses  between  one  change  and  the  following,  her  elevation 
varies  by  a  gradual  increase  from  the  least  to  the  greatest,  and 
then  decreases  as  gradually  to  the  least. 
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The  praclice  of  obsening  the  heavens  frequently  in  Egypt  and 
Syria,  countries  wliich,  as  Plato  observes  in  the  dialogue 
Epinoniis,  enjoy,  almost  constantly,  a  serene  and  cloudless 
atuiospliere,  would  in  time  permit  the  spectator  to  perceive  that 
all  the  stars  do  not  retain  their  relative  distances  unaltered :  some 
of  the  principal  stars  would  appear  to  be  endowed  with  move- 
nteiita  which  resemble  those  of  the  sun  and  moon ;  for  while 
they  partake  of  the  general  motion  of  Uie  celestial  sphere  from 
east  to  west  they,  at  certain  times,  proceed  with  a  different 
inoUon  in  the  same,  at  otlier  times  iu  a  contraiy  direction;  and, 
again,  at  various  times,  when  in  tlie  middle  of  their  nocturnal 
course,  they  may  be  seen  differently  elevated  above  tlie  horizon : 
lastly,  there  are  certain  periods  when,  for  some  days,  they 
appear  stationary  in  tlie  heavens  with  relation  to  the  otlier  stars, 
though  still  partaking  of  the  general  motion  from  cast  to  west. 
It  might  further  be  observed  tliat  two  of  these  wandering  stars, 
or  planets  as  llicy  were  called,  had  tliis  peculiarity,  that  they 
were  never  seen  beyond  a  certain  angular  distance  from  the  sun : 
one  of  them,  to  which  the  name  of  Merciu'y  was  given,  woidd 
be  visible  only  when  near  that  luminary  and  for  a  short  time 
after  his  settmg  or  before  his  rising:  the  other,  which  was  dis- 
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tinguisfaed  hj  the  name  of  Venas,  would  exliibit  sbnilar  pheno- 
mena, but  wonld  deviate  farther  from  the  son  than  Mercoiy ;  it 
would,  consequently,  rise  at  an  eariier,  or  continue  risible  in  the 
west  to  a  later  hour. 

The  other  planets.  Mars,  Jupiter  and  Saturn  which,  as  well 
as  those  last  mentioned,  were  known  firom  the  earliest  period  of 
astronomical  history,  would  appear  to  hare  greater  ranges  of 
motion,  being  sometimes  seen  near  the  sun  and  sometimes  at  a 
distance  from  him  equal  to  the  whole  diameter  of  the  visible 
heavens ;  for  they  would  frequently  be  seen  rising  in  the  east 
when  that  luminary  was  setting,  or  setting  when  he  was  rising. 
Jupiter  and  Venus  from  their  superior  brilliancy,  which  permits 
them  to  be  visible  when  in  the  vicinity  of  the  sun,  were  early 
distinguished  by  the  epithets  of  Lucifer  and  Hesperus,  and  re- 
ceived the  denomination  of  morning  or  evening  stars  according 
as  they  were  seen  with  the  sun  at  his  rising  or  setting. 

The  names  of  the  planets  may  have  been  given  from  some  re- 
semblance imagined  to  exist  between  them  and  the  attributes  of 
the  deities  worshipped  in  the  heathen  worid ;  thus  one  planet, 
from  its  swift  motion  and  vicinity  to  the  sun,  received  the  name 
of  the  Messenger  of  the  Gods;  another,  from  the  briUianey  of  its 
light  was  denominated  Venus,  and  a  third,  from  its  fieiy  aspect 
received  the  appellation  of  the  God  of  War,  and  so  on.  While 
the  reveries  of  a  degrading  superstition  prevailed  among  men,  a 
cliild  wliich  happened  to  be  bom  at  the  time  of  the  rising  of  any 
particular  planet  was  considered  as  under  the  protection  of  the 
deity  wlioKe  name  it  bore,  and  his  disposition  was  supposed  to 
resemble  that  of  his  patron-god.  The  Jewish  and  Arabian 
writerH  of  the  middle  ages  inform  us  that  the  Chaldeans  gave  to 
each  ])laiiet  a  certain  symbol  denoting  its  quaUty ;  as  a  hexagon 
to  Saturn,  a  triangle  to  Jupiter,  a  square  to  the  sun,  and  the 
like ;  and  the  symbol  of  the  Deity,  the  First  Cause,  or  the  Eternal 
Mind  was  a  circle  which,  as  we  know  from  other  authorities, 
was  couKidcred  as  the  most  perfect  figure.  We  are  inform- 
ed also  tliat  Are,  or  tlie  sun,  was  considered  as  a  symbol  of  the 
First  Cause,  and  that  all  these  symbols  were  worshipped  as  repre- 
sontations  of  their  prototypes:   and  we  learn  from  the  same 
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writers  that  the  Chaldeans  divided  the  hearens  into  what  were 
called  mansions ;  assigning  to  each  planet  a  mansion  and  the 
care  of  some  species  of  beings  on  the  eartli. 

According  lo  Plutarch",  Pjlhagoras  ascribed  the  figures  of 
what  are  called  the  regular  bodies  to  the  four  elements  and  the 
universe ;  thus  he  is  said  to  have  made  the  cube  represent  the 
earth  ;  the  pyramid,  fire ;  the  octahedron,  air ;  the  icosahedron, 
water,  and  the  dodecahedron,  tlie  whole  of  nature.  M.  Bailly" 
supposes  these  symbols  to  have  ori|rinated  in  the  idea  that  mate- 
rial substances  aie  formed  by  crjstallisation  and  that  the  regular 
bodies  have,  respectively,  the  fonns  of  the  primitive  crystals  in 
each  of  the  elements ;  but  it  is  more  probable  that  the  symbols, 
like  those  applied  by  the  Chaldeans  to  tlie  planets,  were  intend- 
ed to  represent  the  comparative  excdlences  of  the  different 
elements  themselves.  The  opinion  of  a  divine  agency  in  the 
stars,  which  was,  fiift,  attributed  to  them  by  the  Chaldeans,  pro- 
bably spread  fixam  the  country  occupied  by  this  people,  aa  a 
centre,  into  otlier  parts  of  the  East,  and  to  Egj'pt ;  from  whence  it 
was,  in  time,  conveyed  to  Europe,  wliere,  during  the  long  period 
which  preceded  the  birth  of  the  modem  philosophy,  it  almost 
universally  prevailed. 

There  cannot  be  a  doubt  that  the  movements  of  Uie  planets,  as 
tax  as  they  could  be  ascertained  by  the  unassisted  eye  were, 
from  the  first,  attentively  studied ;  but  since  the  variations  of 
their  apparent  forms  could  not,  witliout  Uie  aid  of  telescopes,  be 
distinguished,  the  principal  fact  on  which  a  knowledge  of  the 
nature  of  their  real  movements  depends  was  wanting ;  therefore 
if  the  ancients  ever  possessed  that  knowledge  we  are  certain  that 
they  must  have  attained  it  by  conjecture  only.  Yet  enough 
could  be  observed,  to  have  led  them  to  the  formation  of  an 
hypothesis  concerning  those  motions  similar  to  that  whiih  is 
DOW  universally  admitted  ;  and  sundry  passages  in  tlie  works  of 
ancient  authors  have  been  adduced  to  prove  that  such  an  hypo- 
thesis had  not  escaped  the  ingenuity  of  the  Egyptian  and  Greek 
philosophers.  Whether  this  were  the  case  or  not  will  be  for  ever 
nncertain,  but  to  enable  us  to  form  a  judgment  of  its  possibility 
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it  will  be  necessazj  to  shew  wbat  wcfo  the  phenomena  which 
might  hare  been  obsenred  before  any  instmment  was  inTented, 
and  before  any  means  were  in  use  for  measuring  time  except 
those  afforded  by  the  succession  of  dajs  and  nights. 

Perhaps  the  most  striking  phenomena  of  the  planetary  motions 
would  be  the  limited  deviations  of  Mercury  and  Venus  from  the 
sun ;  repeated  observations  must  hare  shewn  that,  from  the  re- 
spective times  at  which  they  first  became  visible  near  the  rising 
sun,  they  recede  from  that  luminary  daily  towards  the  south,  to 
a  certain  extent ;  then  returning  eastward  they  again  rgoin  it 
and  cease  to  be  seen  on  that,  side  of  the  horizon.  After  being 
for  several  days  invisible,  each  planet  may  be  seen  to  emerge 
from  the  light  about  the  setting  sun ;  firom  which  time  it  again 
continues  daily  to  recede  from  that  luminary  towards  the  south 
till  the  deviation  is  equal  to  that  which  was  observed  on  the 
eastern  side  of  the  horizon ;  it  is  then  found  to  return  towards 
the  west  and,  after  being  again  concealed  for  some  days  in  the 
solar  Ught,  it  reappears  before  sunrise  in  the  east,  and  the  phe- 
nomena are  repeated  in  the  same  order  as  before.  The  extent  of 
the  deviations  of  Venus  must  have  been  found  to  be  nearly  twice 
as  great  as  that  of  the  deviations  of  Mercury ;  and  the  former,  if 
estimated  by  comparison  with  the  circumference  of  a  circle  in 
the  heavens,  whose  centre  is  at  the  eye  of  the  spectator,  would 
appear  equal  to  about  one-eighth  of  such  circumfi^rence.  At 
first,  indeed,  it  might  have  been  imagined  that  the  star  which 
appears  near  the  sun  in  the  morning  is  not  the  same  as  that 
which  is,  afterwards,  seen  near  him  in  the  evening;  but* the 
regularity  of  the  phenomena  we  have  described  must  soon  have 
led  to  a  conviction  of  their  identity.  It  is  asserted,  however,  by 
PUny '  that  Pythagoras,  who  learned  the  fact  in  Egypt,  was  the 
first  to  make  it  known  to  the  Greeks. 

The  times  in  which  the  deviations  are  accomplished  would  be 
found  to  be  variable,  and  they  could  not  be  estimated  precisely 
because  of  the  impossibility  of  observing  the  planets  when  very 
near  the  sun.  But,  as  the  interval  between  two  consecutivt 
appearances  of  Mercury  in  the  east  at  sunrise  might  be  founds 
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nearly,  by  taking  a  mean,  from  sevcTaJ  obserred  liraes'of  such 
appearaiices,  to  be  about  116  day»;  the  time  of  that  planet's 
continuance  on  «ither  t<ide  of  the  aun  might  be  estimated  at 
about  58  days.  By  a  mean  taken  from  several  similar  observa- 
tions, Venus  might  be  Ibimd  to  continue  on  either  eide  of  the  sua 
about  29-2  days. 

It  must,  alflo,  have  been  observed  that  the  lime  elapsed  be- 
tween the  conjunction  of  either  planet  with  tlie  sun,  at  rising, 
and  bis  greatest  subsequent  deviation  on  that  side  of  the 
heavens ;  or  that,  between  the  greatest  deviation  on  the  other 
side  and  the  next  conjunction  with  tlie  sun,  at  setting,  is  much 
lees  than  the  time  elapsed  between  the  conjunction  and  the 
greatest  subsequent  deviation  on  the  western  side,  or  that 
between  the  greatest  deviation  and  tlie  following  conjunetion  on 
the  eastern  side.  With  respect  to  the  planet  Mercuiy,  the  former 
time  is  about  half ;  and,  with  respect  to  Venus,  about  one-third 
of  the  latter  time. 

Now  the  observed  devialions  of  these  planets  from  the  sun  so 
much  resemble  the  apparent  movements  of  a  body  revolving  in  a 
circular  orbit  about  a  central  point,  when  seen  by  a  spectator 
situated  on  the  exterior  of  the  circumference  of  such  orbit,  that  it 
is  difficult  to  imagine  why  Uie  opinion  of  the  revolution  of  these 
planets  about  the  sun  or,  at  least,  about  some  point  in  a  line 
drawn  from  the  spectator  through  the  sun,  was  nut  immediately 
and  universally  adopted.  The  only  reason,  perhaps,  that  can  be 
given  for  the  neglect  to  draw  this  simple  and  natural  inference 
from  the  phenomena,  Ues  in  the  difficulty  which  tlie  ancients  felt 
in  conquering  their  prejudice  in  favour  of  the  notion  that  the 
earth  was  tlie  most  dense  body  in  nature  and,  consequently,  was 
that  alone  to  which  all  the  others  would  tend  to  fall  if  not  retained 
by  being  attached  to  a  material  shell  concentric  with,  and  en- 
tirely surrounding  the  earth.  It  would,  indeed,  appear  from  the 
language  of  Macrobius'  that  the  ancient  Egyptians  held  the 
opinion  that  Mercury  and  Venus  moved  about  the  sun ;  but  we 
are  quite  ignorant  in  what  sense  tlic  expression  is  to  be  taken, 
and  it  is  probable  that  it  only  refers  to  the  apparent  vibration  of 
those  planets  on  each  side  of  the  luminary. 
*  In  Samn>  8«ip.  Lib.  I. 
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The  periodical  moremeDts  accomplished  by  the  planets  Mai 
Jupiter  and  Saturn  witli  respect  to  the  sun  difier  consjdera 
from  those  just  mentioued.  The  time  observed  to  clapee  I 
tween  a  conjunction  of  Mars  witli  the  sun  and  ilie  next  following 
opposition ;  that  is,  the  internal  between  his  appearance  near 
the  sun  at  rising  or  setting,  and  the  time  at  which  lie  is  » 
rise  when  the  sun  sets,  or  the  contrary,  would  be  fumid  to  1 
about  390  days,  a  nearly  equal  time  would  appear  to  elapi 
between  the  opposition  and  the  next  following  conjunction,  and 
the  interval  between  tbe  two  foUowing  conjunctions  or  opposi- 
Uons  of  Mars  and  the  sun  might  be  obser\ed  to  be  about  780 
days.  The  iuterval  between  a  conjunction  and  the  next  follow- 
ing opposition  of  Jupiter  and  the  sun  might  appear  to  be  about 
199  days;  of  Saturn  and  iJie  sim,  about  189  days;  and  t 
intenal  between  two  conjunctions  or  two  oppositions  of  Jupiti 
and  Saturn  would  appear  to  be  equal  to  about  39S  days,  and  3 
days  respectively. 

To  llie  observations  of  the  abovemcntioned  synodical  geocei 
trie  motions,  must  be  added  those  of  the  sidereal  geocentr 
motions  of  tlie  planets,  which  consist  in  marking  tlie  time  elapsed 
between  two  successive  conjunctions  with,  or  near  appulsee  of 
each  planet  to  any  fixed  star ;  these  conjunctions  could  also  b« 
distingiushcd,  without  instruments,  with  some  precision ;  t 
taking  the  mean  times  deduced  from  several  observadnns  of  & 
planet,  it  might  be  Jbund  that  Mercury  and  Venus  accomplisli 
one  revolution  in  the  heavens  from  any  fixed  star  to  the  s 
in  about  one  year;  Mors,  in  087  days;  Jupiter,  in  4333^  dan 
and  Saturn,  in  1075!)  days.    These  revolutions  appear  lo  hai 
ad^cd  as  the  principal  guides  in  the  formation  of  ihe  tarliM 
systems  invented  to  account  for  the  phenomc-ua    of  plancta 
movement. 

Id  addition  to  what  has  been  shcnii  above,  it  must  bi-  staled 
that  all  the  plaiicts  were  early  discovered  to  be  occasionally 
stationary  among  the  fixed  stars ;  and  that,  at  these  times,  tlicq 
motions  changed  from  the  previous  direction  to  the  contraryd 
but  the  fu-st  obscn'alions  of  these  phenomena  must  have  1 
very  imperft^l,  and,  till  instruments  were  used  for  ascertaining  tl 
places  of  celestial  bodies  with  considerable  precision,  it  ia  { 
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bable  that  nothing  more  was  known  than  that  the  times  during 
which  the  planets  appeared  to  have  retrograde  movements,  or  to 
go  from  east  to  west,  and  the  spaces  described  in  that  direction, 
were  much  less  than  the  times  and  arcs  of  the  direct  movements. 
These  changes  in  the  motions  of  the  planets  were,  however, 
early  considered  to  be  of  great  importance  in  the  system  of  the 
universe ;  and  considerable  efforts  were  then  made  to  determine 
them  with  accuracy. 

Ab  we  have  shewn  that  an  attentive  consideration  of  the 
movements  obsened  in  the  inferior  planets,  Venus  and  Mercury, 
ought  to  have  led  to  the  opinion  tliat  the  sun  and  not  the  cartJi 
was  the  centre  of  Uieir  revolutions ;  and  as  the  ap])arent  move- 
inentA  of  the  superior  planets.  Mars,  Jupiter,  and  Saturn,  with 
respect  to  the  sun,  consist  also  in  a  deviation  from,  and  a 
subsequent  approach  to  that  luminary ;  tliis  circumstjmce, 
together  wiUi  the  opinion,  tlieii  enterlained,  of  the  simplicity  of 
nalJire's  laws,  might  have  induced  tlie  ancient  aslrouomers  to 
conclude  that  llie  latter  planets  revolved  about  the  sun  like  the 
oUiers,  with  this  difierenee  only,  that  since  they  arc  occasionally 
seen  in  ojiposilion  to  the  sun,  tlicir  orbits  should  include  tlie 
carlli.  An  argument  of  this  kind  must  have  infiuenced  the 
philosophers  of  the  school  of  Pjtliagoriis  who,  besides,  appear 
to  have  elevated  their  minds  to  the  coneeplion  of  the  mobility 
of  the  earth,  and  thus,  to  have  arrived  at  a  system  of  llie 
ontrerse  exhibiting  the  principal  features  of  that  promulgated 
in  later  times  by  Copernicus ;  and  we  can,  with  difficulty, 
imagine  that  a  system  formed  by  deductions  so  easily  made, 
CQidd  have  been  firKt  brought  to  light  in  an  age  so  late  as  that 
of  the  Samian  philosopher.  If  we  leave  out  the  hypothesis  of 
tlie  earth's  motion,  the  observed  phenomena  should  have  led  to 
the  invention  of  a  system  very  similar  to  tliat  of  Tycho  Bralic, 
and  it  is  not  unreasonable  to  believe  that  tltis  has  a  claim  to  an 
antiqiuty  even  higher  than  that  of  the  system  ascribed  to 
Pythagoras. 

To  complete  the  account  of  the  phenomena  which  were  the 
subjects  of  the  more  ancient  observations,  there  remain  to  he 
mentioned  tlie  sudden  but  temporary  deprivations  of  liglit  which 
the  sun  and  moon  occasionally  experience :  these,  indeed,  may 


wludb,  in  die  heaveiis, 
■any  pctaons  even  then 
resahiiig  from  the  general 
lnr»  of  BHtmc.  jn  iht  &r  gieafeer  portion  of  mankind  looked 
i^K«  dKB  af^  ot9ect»  of  tenor,  as  tokens  of  Divine  dtspleasme, 


Ii  cm  ivcidiicc  in  ns  BO  Mmnise  thai  the  most  feaiibl  emotions 
dkoold  bxve  been  exci&ed  br  the  first  ajqieannce  of  an  eclipse 
of  the  mMA  or  sn:  at  ooe  moment  mi^t  be  seoi  the  fair 
hmuiuTx  of  nisiit^  saifinfr  magesdaOr  throng  the  skies  and 
difiufanj:  tbe  mhi  ladianoe  of  ker  enli^tened  oib  OTcr  the 
ticfrp^i^al  sciene.  or  ber  silraT  image  leflecled  from  the  unroffled 
bos^^m  of  the  watei^;  and  dien,  while  perhaps  not  a  cloud 
appeait^d,  to  aflbid  a  caosie  for  any  change  in  the  aspect  of  the 
bearc-ss,  a  dark  t^  might  be  peicciTed  gnduaDy  eximding 
itself  OTCT  the  mocau  and  ledacing  her  splendid  disc,  till  the 
whc^  became  covered  with  the  moumfbl  shade;  it  may, 
therefore,  be  easihr  imagined  that,  daring  the  c<Hitinuance  of 
this  obscuration,  an  ^  ontnlQied  mind  *  mig^t  be  filled  with  the 
apprehension  either  that  some  monster  was  derouring  the  &ir 
object  which  osed  to  cheer  his  ni^ts,  or  that  the  rengeance  of 
an  angry  deity  was  about  to  burst  upcm  and  oreiwhdm  him. 
That  such  fear»  were  felt  we  mav  be  convinced  bv  the  effects 
which  a  lunar  eclipse  is  known  to  produce  in  the  minds  of 
uncivilized  people  at  the  present  time ;  and  we  cannot  wonder 
that,  accordingly  as  men  were  afiected,  some  should  have 
recourse  to  such  means  as  they  thought  capable  of  driving 
away  the  devouring  monster,  while  others  should  sedc  to 
deprecate  the  dreaded  vengeance,  by  offering  sacrifices  which 
they  might  hope  would  be  acceptable,  or  by  humbling  themselves 
in  prayer,  till,  the  veil  being  removed,  the  queen  of  heaven 
recovered  her  wonted  brilliancv. 

But  if  the  obscuration  of  the  moon  could  create  such  alarms, 
when  first  observed,  we  may  conclude  that  those  excited  by  the 
deprivation  of  the  sun^s  light,  in  consequence  of  a  total  eclipse 
of  that  luminary  must  liave  been  far  greater.  For  while  the 
blazing  orb  woh  shedding  a  flood  of  glory  over  the  face  of 
nature  there  might  be  seen,  without  any  perceptible  cause,  an 
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indentation  mode  on  some  part  of  tlie  margin  of  his  disc,  as  if 
a  portion  was  cut  out ;  and  this  would  gradually  increase  in  size 
till  the  whole  body  of  tJie  sun  became  invisible:  it  may  be 
conceived  that  then,  tlie  most  gloomy  apprehensions  might  take 
possession  of  the  humtm  mind,  since  even  the  brute  creation 
sceuiH,  on  tlie  occurrence  of  this  phenomenon,  conscious  of  some 
hiteirupltou  of  the  usual  course  of  natiu^e.  A  total  darkness 
succeeds  to  the  splendour  which  a  short  lime  before  adorned  the 
face  of  the  earth ;  the  stars  make  their  appearance ;  a  sense  of 
coldness  prevails  instead  of  a  ferment  heat ;  the  beasts  seek 
their  retreats ;  the  feathered  tribes  which  during  the  day  enchant 
Uie  ear  by  tlie  harmony  of  their  notes,  pve  place  to  the  birds  of 
night,  and  it  might  seem  tliat  the  nest  event  to  be  expected  by 
trembhngmortalsis,  that  they  shall  be  involved  in  the  dei^t ruction 
which  seems  to  imjiend  over  the  eaith  itself.  Unt  after  a  few 
minutes  the  sun  again  appears  and  his  light  clothes  the  fields 
wiib  new  glories.  At  first  a  golden  tliread  is  seen  which,  by 
degrees,  increases  in  size  till,  after  some  hours,  the  orb  attains 
the  same  circular  form  which  it  before  possessed ;  it  then  finishes 
iU  daily  coiuse  through  the  firmament  and  all  tlie  phenomena 
of  nature  are  again  repeated  in  tlieir  accustomed  order. 

Though  total  eclipses  of  the  sun  seldom  happen,  yet  any 
partial  deprivation  of  his  hght  must  have  seriously  affected  the 
minds  of  tliose  who  first  witnessed  it ;  and  tliough  the  repetition 
of  an  eclipse  may  have  been  obser\'ed  witli  cUminished  appre- 
hensions of  immediate  danger,  yet  the  calamities  to  which  the 
human  raie  is  subject  are  so  numerous  tJiat  eclipses  would 
nnavoidably  coincide  witli  the  occurrences  of  many  di.sasters, 
and  a  connection  might  easily  be  conceived  to  exist  between 
tlie  celestial  phenomena  and  those  evils,  so  that  the  fonner 
night,  before  tlic  laws  of  nature  were  well  understood,  be  taken 
as  presages  of  the  latter.  It  is,  therefore,  to  be  expected  that 
Mich  apjiearances  should  be  regarded  with  fear  and  wonder; 
uti,  accordingly,  history  relates  several  remarkable  effects  which 
have  been  produced  in  consequence  of  the  surprise  or  terror 
they  excited  iu  the  minds  of  ill  informed  and  superstitious  men. 
Thus  the  solur  eclipse  which  had  been  predicted  by  Tbales  was 
the  cause  of  a  peace  between  the  Itlcdes  and  Lydians  at  the 
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moment  when  the  armies  of  the  two  nations  were  drawn  up 
against  each  other,  and  were  prepared  to  mix  in  deadly  strife  * : 
and  the  lunar  echpse  which  happened  daring  the  expedition  of 
the  Athenians  to  Sicily  induced  the  Grecian  general,  from 
religious  motives,  to  delay  his  retreat  from  Sjnracnse  till  it  was 
too  late  to  save  his  army  ^, 

The  solar  eclipses  occurring  within  the  few  days  which 
elapse  between  the  disappearance  of  the  moon  in  the  east,  near 
the  time  of  sun-rise,  and  her  reappearance  in  the  west,  soon 
after  sun-set,  must  have  presently  led  to  the  opinion  that  the 
deprivation  of  the  light  of  the  sun  was  caused  by  the  intervention 
of  the  moon ;  it  being  easy  to  conceive  that,  in  this  interval,  at 
the  commencement  of  which  she  was  seen  to  be  approaching 
the  sun  and  at  the  end  of  which  she  was  receding  from  him,  she 
might  pass  between  the  sun  and  earth,  and  thus  produce  an 
eclipse  of  the  solar  light.  The  lunar  eclipses,  also,  occurring  at 
the  times  of  full  moon,  when  this  celestial  body  is,  with  respect 
to  the  earth,  diametrically  opposed  to  the  sun,  must  have  been, 
by  the  more  attentive  observers  of  nature,  from  the  first,  ascribed 
to  the  passage  of  the  moon  through  the  shadow  cast  by  the 
eartli ;  and  such  explanations  do,  in  fact,  occur  in  almost  every 
ancient  writing  containing  descriptions  of  astronomical  phe- 
nomena. "  Luna  autem,  quae  est,  ut  ostendunt  mathematici, 
major  quam  dimidia  pars  terra;,  iisdem  spatiis  vagatur,  quibus 
sol:  sed  tum  cOngrediens  cum  sole,  tum  digrediens,  et  earn 
lucem  quam  d  sole  accepit,  mittit  in  terras  et  varias  ipsa 
mutationcs  lucis  habct :  atque  etiam  tum  subjecta  atque  opposita 
soli,  radios  ejus  et  lumen  obscurat;  tum  ipsa  incidens  in 
umbram  tcrro)  cum  est  c  regione  solis  interposita  interjectuque 
terra;,  repent<^  deficit  ^. 

But  the  opinions  of  the  ancients  concerning  the  nature  of 
eclipses  of  the  moon  do  not  appear  to  have  been  completely 
fixed  till  about  the  time  of  Aristotle.  Diogenes  Lacrtius  ^  has 
asserted  that  the  Egyptians  were  aware  of  the  fact  that  the  moon 
is  eclipsed  by  passing  through  the  earth's  shadow,  and  Diodorus 

•  Herodotut,  CUo,  Cap.  74.  «»  Plutaroh,  life  of  NidM. 

*  Cicero,  De  Natura  Deonim,  Lib.  II.  Mct.  40.        *  In  Procnn. 
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SiciiluB  obseires "  that  the  Chaldeans  agree  with  the  Greeks  in 
ascribing  the  phenomenon  to  the  saine  cau^e;  but  it  is  probnbte 
that  these  assertions  only  apply  to  the  people  who  lived  in  or 
near  the  age  of  those  writers ;  for  Uiongh  Fj  thagoras,  as  both 
Lacrliiis  and  Plutarch  assert'',  knew  that  the  moon  received 
her  light  froni  the  sun,  and  tliat  she  was  eclipsed  when  tliat 
liglit  was  intercepted  by  the  earth,  yet  the  latter,  in  his  life  of 
Is'icias,  slates  that  the  reason  why  the  Athenians  exiled  Pro- 
tagoras and  imprisoned  Anaxagoras,  both  of  whom  attributed 
the  ecUpses  of  the  moon  to  the  earth's  shadow,  was,  that  they 
considered  it  imitious  to  suppose  a  celestial  and  divine  body, 
like  Uie  moon,  capable  of  being  aifected  by  tliis  less  noble  part 
of  the  universe;  a  proof  that,  whatever  might  have  been  the 
judgments  formed  by  the  learned  in  those  days  concerning  the 
celestial  phenomeiw,  they  were  uusupported  by  argument,  or  at 
least,  that  Uie  reasons  were  unheeded  or  ill  understood  by  the 
generality  of  tho  people:  even  the  opinion  that  the  moon 
recei»^es  her  light  from  the  sun  does  not  appear  to  have  been 
universally  acknowledged,  though  the  variations  of  her  apparent 
form  would  seem  to  prove  the  fact  to  any  one  who  should 
observe  those  variations  with  tho  least  attention ;  and  we  shall  tiiid 
that  there  were  some  who,  like  the  ancient  Hindus  "^j  thought  it 
necessary  to  suppose  the  existence  of  an  eighth  planet  in  order 
to  account  for  the  occurrence  of  eclipses.  The  obscuration  of 
the  moon  at  a  time  when  hotb  the  luminaries  are  above  the 
horizon,  on  opposite  sides  of  the  spectator,  is  a  phenomenon 
which  has  been  occasionally  observed,  and  we  iiud  mention 
made  of  eclipses  in  such  circumstances  by  Pliny,  in  his  Natural 
History''.  Now  it  is  impossible  to  doubt  that  they  were 
observed  long  before  his  days  and,  as  they  must  liave  been 
thought  to  mihtate  against  the  notion  that  eclipses  of  the  moon 
were  always  caused  by  the  shadow  of  the  earlli,  they  may  have 
tended  for  a  long  time  to  produce  that  embarrassment  in  the 
minds  of  men  concerning  the  cause  of  echpses,  which  prevented 
the  opinions  of  philosophers,  however  reasonable,  from  being 
generally  admitted.     Subsequently,  the  particular  phenomenon 

>■  Bilil.  Hrst.  Lib.  VIII.    Du  Platilis  Pbiloi. 
'  Lib.  11.  cap.  10. 
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above  mentioned  received  an  explanation  which  is  nearly  correct; 
for  Cleomedes,  speaking  of  an  eclipse  of  this  nature  which  was 
said  to  have  at  one  time  occurred ;  though  he  seems  to  consider 
the  fact  doubt^,  yet  admits  the  possibiUty  that  the  sun  or 
moon,  when  under  the  horizon,  may  appear  to  us  to  be  above ; 
since  there  may  be  found,  he  says,  to  proceed^owi  the  eycy  mjs 
of  light,  which  being  broken  in  the  humid  atmosphere  may 
follow  the  luminary  and  cause  it  to  be  seen ;  adding  that  many 
such  phenomena  may  be  observed,  particularly  on  or  near  the 
sea:  to  illustrate  his  meaning  he  states,  and  the  experiment 
may  be  considered  as  the  first  of  which  any  account  has  been 
transmitted  to  us  concerning  the  refraction  of  Ught,  that  if,  in  an 
empty  vase,  a  ring  of  gold  be  put,  in  such  a  situation  as  to  be 
concealed  from  the  spectator,  the  same  will  become  visible  on 
filling  the  vase  with  water  •.  From  the  time  of  this  writer  we 
hear  but  of  one  opinion  concerning  the  general  cause  of  th^ 
eclipses  of  the  sun  and  moon. 

The  phenomena  just  mentioned  have  always  been  thought 
worthy  of  the  most  attentive  observation ;  and  probably,  firom 
the  first  ages,  they  were  registered  as  historical  events.  We 
learn  that  such  registers  were  actually  kept  by  the  Chaldeans 
and  it  cannot  be  doubted  that,  by  a  comparison  of  the  times  at 
which  the  eclipses  happened,  ceitain  cycles  or  periods  of  their 
recurrence  were  discovered  by  which  they  might  be  foretold. 
The  occultation  of  stars  or  planets  by  the  moon,  or  even  the 
approach  of  the  moon  or  of  a  planet  to  any  star,  would  also  be  a 
phenomenon  likely  to  excite  the  notice  of  the  most  ancient 
observers,  not  only  firom  the  rarity  of  its  occurrence,  but  also, 
because  it  would  afford  the  best  means  known,  before  instruments 
were  invented,  of  ascertaining  the  precise  paths  of  the  moon  and 
planets  in  tlieir  revolutions  through  the  heavens. 

Simplicius,  in  his  Commentary  on  tlie  second  book  of  Aristotle's 
work  De  Coelo,  relates,  on  the  authority  of  Porphyry,  that  after 
the  conquest  of  Babylon  by  Alexander,  Callisthenes  sent  to 
Aristotle  a  catalogue  of  ecUpses  said  to  have  been  observed  at 
fhuX  place  during  a  period  of  1903  years  previously;  and  this 

*  De  Mundo,  Lib.  IL  Mct.  De  luna  dtfectu. 
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was,  probably,  the  fiiiit  of  the  labours  canied  on  under  the 
directioa  of  the  College  of  Priests  attached  to  the  temple  of 
Belus  from  the  epoch  of  its  estabUshmetit.  The  catalogue  must 
have  been  long  since  lost,  but  Ptolemy  makes  ntenliou  of  six 
Chaldean  eclipses  wliich  seem  to  have  been  taken  from  it,  and 
he  employs  them  in  his  astronomical  work  ibr  the  puipose  of 
correcting  the  tables  of  the  moon's  mean  motions  ;  the  oldest  of 
these,  howOT-er,  are  said  by  him  to  have  been  observed  as  late 
as  the  years  720  and  719  Before  Christ ;  and  La  Place '  remarks 
thai  if  he  had  possessed  any  of  more  ancient  date,  on  whose 
precision  he  could  rely,  he  would,  certainly,  have  used  tbera  in 
determining  those  eloments.  As  Ptolemy  does  not  expressly 
mention  that  catalogue  some  dot.bls  have  been  entertained  of 
the  reality  of  its  existence ;  but  the  silence  of  the  Alexandrian 
astronomer  cannot  be  considered  as  of  any  weight  in  disprovmg 
the  fact ;  for,  not  to  mention  the  argiunent  before  drawn  from 
the  probable  value  of  the  period  of  720,000  years  mentioned  by 
Epigenes,  we  shall  find,  in  speaking  of  the  astronomy  of  the 
Greeks,  that  tlie  elements  of  the  solar  and  limar  motions  bad 
been  ascertained  with  groat  precision  long  before  any  obser\'ation> 
are  known  to  have  been  made  by  that  people;  and  we  shall, 
consequently,  be  compelled  to  admit  that  tticy  must  have  been 
obtained  from  matenals  coUccted  by  persons  who  cultivated  tlia 
science  while  it  was  yet  unknown  in  Europe,  and  therefore,  with 
veiy  great  probability,  from  registers  which  had  been  kept  by 
the  Chaldeans  oi  Egj'pliaus.  From  a  passage  in  Diodorus 
Siculus'',  it  appears  that  the  explanation  given  by  the  former  of 
these  people,  of  tlie  ecUpses  of  llie  sim,  was  so  defectire, 
perhaps  from  their  ignorance  of  the  parallaxes,  that  they  bad  it 
not  in  their  power  to  predict  them;  hut,  as  he  contrasts  the 
imperfection  of  their  science  in  tliis  respect  with  their  knowledge 
of  llie  lunar  eclipses,  it  is  reasonable  to  infer  that  they  had 
methods,  of  determining,  by  computation,  the  times  at  which 
tlie  latter  would  occur,  and  were  enabled  to  announce  them 
before  hand  with  some  degree  of  certainty. 

From  tlie  use  which,  by  tJie  ancient  Greek  astronomers,  was 


*  £xpoiilliin  du  tyil^e  du  monile,  [>Hp 
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mad^  of  the  ecEpses  of  die  son  and  mBOOf  supposed  to  hare 
been  reconled  ia  the  Cfaaldeait  registaay  it  i»  Ids^f  probable 
tbat  tbehtter  cmttainedBOCkesof  die  tnaesof  occmrence;  the 
extent  of  the  obMnnatioa ;  wfaedier  die  shadow  was  central  or 
appeared  on  the  opp^r  or  lower  fimb  of  Ae  i&c  ;  the  duration 
of  the  darkness^  and  the  plaee  of  the  moon  bj  her  bein^  in  the 
nei^bonrfaood  of  soiae  remarkabfe  star.     But,  Eroni  the  manDer 
in  which  Ptolemr  describes  those  he  has  emplojed,  it  is  not 
likel  J  that  the  obserrations  were  made  anr  otherwise  than  by 
the  naked  eje ;  fer,  in  speaking  of  the  qoanti^,  he  merelj  says 
that  one  half  or  one  third  of  the  moon^s  diameter  was  ecfipsed; 
the  riLHtance  of  the  moon  from  a  star  is  expressed  in  semidiameters 
fjf  the  former,  and  the  time  is  grren  in  boors  and  fiactioiis  not 
lesw  than  a  r^uarter.    Aristotle  menticms*  an  occnhatioo  of  Mars 
by  the  morjn,  saying  the  {^anet  entered  npoo  the  obscorey  and 
emer^erl  from  the  lucid  side ;  and  he  inioims  us,  in  the  same 
plac^;,  that  Hke  observations  had  been  made  by  the  Egyptians 
anr]  Baliylonians  who,  he  goes  on  to  obsenre,  had  fiormany 
jirarn  apf>]ied  themselTes  to  the  study  of  the  heavens,  and  from 
whom  tliey,  the  Greeks,  had  received  many  important  com- 
mnutcHiitmn  concerning  the  celestial  phenomena.     Simplicius 
aimtf  in  his  commentary  on  the  first  book,  relates  that  the 
Kgyj>tian»  and  Babylonians  pretend  to  have  collected  observ- 
atimiH  on  Oh;  starH  for  not  less  than  five  thousand  years  before 
biM  iiuWf  but  }h;  admits  that  the  collection  did  not  contain  any 
tiling  mrm;  than  was  then  well  known  concerning  their  mag- 
niludim,  colours  or  motions.     In  fact,  the  most  ancient  observ- 
Htion,  now  mi  record,  of  a  j)lanet  is  an  occultation  of  Saturn 
which  is  Maid  by  Ptolemy  ^  to  have  been  made  in  the  year  228 
lM;forf;  (/hrint :  though  we  cannot  doubt  that  many  such  observ- 
ations, made  in  times  far  more  remote,  must  have  once  existed. 

The;  greaUfHt  elevation  which  the  moon  is  found  to  attain, 
nbov(!  the  horizon,  may  be  observed  to  exceed  the  greatest 
flrvaiion  of  the  sun,  and  her  least  elevation  to  be  less  than  the 
lifiiKi  of  liiM ;  hence  a  sagacious  observer  might  conclude  that  the 
path  of  tlio  moon  in  her  monthly  circuit  of  the  heavens  was 
olili(|ne  U)  that  of  the  sun  in  his  annual  revolution,  crossing  it  in 

*  III)  (UiiUi,  Lib.  II.  Cap.  13.  ^  Al^l«gw^  Ub.  XI. 
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two  points  which  are  deiiouiinatod  tlio  nodes  of  hor  orbit :  and 
the  situations  nf  these  two  points  might  be  ascertained,  approxi- 
matively,  by  observing  tiie  stars  which  happen  to  be  near  the 
moon  at  a  time  when  she  is  centrally  echpscd,  and  the  place  of 
the  sun  at  his  next  following  eclipse ;  for  the  sun,  moon,  and 
eartli  being  hi  tlie  same  right  line  in  both  lliese  cases,  the  two 
fitrnier  must  be  at  ttie  intersection  of  each  oUier's  paths ;  and 
these  intersections,  or  nodes,  would  be  found  to  be  diametrically 
opposed  to  each  oUior  in  the  heavens.  The  places  of  the 
planets  compared  with  Ihose  of  tlie  moon  when  in  their  neigh- 
bourhood can  be  conceived  to  have  aifordcd  tlie  means  of  dis- 
tinguishing the  positions  of  tlicir  apparent  patlis,  and  it  would 
be  found  tlial  they  all  keep  within  a  small  extent,  in  latitude,  on 
either  side  of  the  circle  representing  the  sun's  annual  path ;  and, 
in  Jact,  the  breadth  assigned  to  the  zodiacal  constellations  com- 
prehends the  traces  of  all  the  circles  which  tlie  planets  appear 
to  describe  in  the  celestial  sphere. 

It  must  have  been  impossible,  without  instruments  for 
measuring  the  extent  of  celestial  arcs,  to  have  ascertained, 
directly,  that  tlie  moon  describes  her  monthly  circuit  in  the 
heavens  witli  a  variable  velocity ;  yet  a  register  of  the  phenomena 
of  solar  and  lunar  eclipses,  kept  during  a  long  time,  may  have 
led  the  ancient  astronomers  to  a  knowledge  of  tliis  fact ;  and, 
indeed,  the  notices  wliich,  at  an  early  period  of  astronomical 
history,  are  given  of  the  places  where  the  moon's  motion  is  the 
slowest  and  the  quickest,  shew  that  tliis  important  clement  had 
not  escaped  obiservation.  By  consulting  such  a  register  it 
might  easily  be  perceived  that,  in  Uie  central  or  total  eclipses, 
the  duration  of  the  passage  of  Uie  moon  over  the  sun,  or  of  the 
shadow  over  the  moon,  was  variable ;  and  consequently  that  the 
velocity  of  tlie  latter,  herself,  was  also  variable.  Then,  if  the 
places  of  the  moon,  taken  when  the  duration  of  the  eclipse  was 
the  longest  and  the  shortest,  were  compared,  it  might  be  fouud 
tliat  they  were  nearly  diametrically  opposed  to  each  other  in  the 
heavens ;  a  lino  supposed  to  join  those  points  is  that  which  was, 
aAerwards,  denominated  tlie  line  of  the  apsides,  and  its  position 
might  have  been,  thus,  ascertained.  The  opinion  that  the  real 
velocity  of  any  celestial  body  was  uniform,  being  universally 
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entertamed  among  the  ancients ;  when  the  eccentricity  of  the 
moon's  oibit  became  a  received  hypothesis,  it  was  concluded  that 
the  apparent  variation  of  her  velocity  depended  on  her  different 
distances  firom  the  earth :  hence  the  points  of  least  and  greatest 
velocity  of  the  luminary  were  supposed  to  coincide  with  those 
of  her  greatest  and  least  distances,  respectivdy,  of  which  the 
former  was  denominated  the  apogeum,  and  the  latter,  the 
perigeum.  The  like  points  in  the  circumference  of  any  eccen* 
trie  circle  or  orbit  were,  also,  so  called ;  and  the  angular  dis* 
tance  of  the  moon  or  of  a  planet  from  either,  when  seen  from  the 
earth,  was  called  the  anomaly. 

To  conclude  our  account  of  the  state  of  astronomy  among  the 
Chaldeans  we  may  observe  that  this  people  ap]^ear  to  have 
noticed  from  the  earliest  times  some  of  the  comets ;  those  re- 
markable strangers  which  so  frequently  come  within  sight  of  the 
inhabitants  of  the  earth :  but  the  notions  entertained  concerning 
them  are  only  to  be  learned  from  what  has  been  related  by 
Seneca.  This  philosopher"  after  remarking  that  neither  Eudoxus 
nor  Conon,  both  of  whom,  he  says,  had  diligently  studied  the 
astronomy  of  the  Egyptians  and  had  coUected  such  accounts  of 
eclipses  as  had  been  preserved  by  that  people,  makes  any 
mention  of  comets ;  concludes,  from  thence,  that  the  Egyptians 
had  not  cultivated  that  part  of  astronomy  whieh  relates  to  their 
appearances;  and  then  goes  on  to  state  that  there  were  two 
persons,  Epigenes  and  ApoUonius  of  Myndus,  who  had  studied 
among  the  Chaldeans,  and  who  do  speak  of  comets,  though  they 
differ  in  the  accounts  they  give  of  the  opinions  of  that  people 
concerning  them ;  the  fonner  alleging  that  they  were  considered 
as  bodies  kindled  in  the  air,  and  the  latter,  that  they  were  of  the 
number  of  planets  or  wandering  stars.  This  last  opinion 
coincides  remarkably  with  that  which  is  now  universally  ad* 
mittcd  by  astronomers,  and,  though  it  could  hardly  have  been 
expected  from  the  people  of  that  early  age,  yet  it  is  not  im- 
possible that  an  attentive  observer  might  have  been  led  to  form 
such  an  hypothesis  from  a  contemplation  of  the  apparent  motions 
of  those  bodies  which,  in  some  respects,  resemble  the  motions 
of  the  planets.    But  when  ApoUonius  asserts  that  the  Chaldeans 
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kntw  the  courses  of  die  comeU,  mid  Diodonis  Sicidus",  that  the 
Hatne  ]>eople  could  foretel  tlieir  risiii(^,  or  the  times  when  they 
would  become  nsible,  it  is  evident  tliat  they  go  too  far,  ranee, 
except  in  a  few  caises,  lliis  is  more  than  can  be  done  by  the 
mathematicians  of  the  present  day. 

It  is  remarkable  that  there  is  not  a  word  in  Ptolemy  concern- 
ing comets  ;  and  this  silence  makes  it  probable  that,  whatever 
notionn  the  Chaldeans  may  have  formed  of  them,  no  account  of 
any  obsenatioii  made  by  liat  people  lo  determine  their  elements, 
was  in  existence  in  the  time  of  that  astronomer.  But  the 
philosophers  of  the  Greek  schools,  whose  chief  talent  lay  in 
reasoning  concerning  the  probable  causes  of  natural  phenomena, 
do  not  seem  lo  have  neglected  the  formation  of  hypotheses 
relating  to  the  nature  of  those  bodies ;  for  Aristotle  asserts "  that 
Anaxagoras  and  Democritus  considered  the  comets  lo  be  pro- 
duced by  the  conjunctionR  of  many  stars  or  planets  in  clusters ; 
and  Seneca  informs  us'  tliat  Zeno  maintained  Uio  same  opinion; 
ao  idea  which  is  not  unnatural,  since  the  body  of  a  comet 
frequently  bears  a  resemblance  lo  some  of  ihc  nebulous  spots  in 
the  heavens,  and  lliese  have,  by  modem  astronomers,  been  con- 
ceived to  be  fonncd  by  an  attraction  of  vast  numbers  of  stare 
towards  the  centre  of  the  mass. 

But  it  seems  that  the  opinion  of  Zeno  was  contested  by  some 
of  the  philosophers  of  that  day  who  alleged  that  the  known 
planets  were  not  sufficient  in  number  to  constitute  all  the  comets 
which  had  been  seen ;  tliis  engages  Arteniidorus  to  assert'',  in 
support  of  the  ancient  opinion,  and  in  accordance  with  an  idea 
attributed  to  Democritus,  tliat  the  number  of  planets  was  im- 
Imown,  and  that  there  may  be  an  infinity  of  them  which,  on. 
accotmt  of  ihe  positions  of  their  circles  [orbits]  become  ap- 
parent to  us,  only  while  tliey  are  describing  a  certain  part  of  , 
their  course;  a  conception  which,  if  understood  of  the  comets 
themselves,  is  very  creditable  to  the  sagaci^-  of  tliat  philosopher, 
however  he  may  have  merited  the  censure  of  Seneca  for  his 
notions  concerning  the  conslitulion  of  (he  universe.  That  the 
sentiments  of  some  of  the  ancients  regardmg  comets  were  much 
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more  rational  than  those  subsequently  entertained  may  be 
inferred  from  a  passage  in  Aristotle*  where  it  is  said  that  the 
Pythagoreans  held  a  comet  to  be  nothing  more  than  a  planet, 
which  reappears  after  a  long  interval,  and  which,  at  the  vertex 
of  the  curve  it  describes,  approaches  as  near  the  sun  as  is  the 
planet  Mercury :  Olympiodorus,  on  the  other  hand,  in  his  scholia 
on  the  work  above  quoted,  at  nearly  one  thousand  years  after  the 
time  of  Pythagoras,  considering  a  comet  as  the  origin  of  the 
Fable  of  Phal^ton,  observes  that  this  personage  is  said  to  be  the 
offspring  of  the  sun  because  a  comet  is  a  sublunary  body  con- 
sisting of  dry  vapours  set  on  fire  by  that  4uminary ;  his  driving 
through  the  heavens  in  the  chariot  of  the  sim  is  made  an  emblem 
of  the  [diurnal]  motion  of  a  comet,  and  his  destruction  by 
Jupiter  is  supposed  to  indicate  that  a  comet  is  ultimately  ex- 
tinguished by  the  moist  vapours  of  the  earth.  In  the  writings 
of  the  ancients  we  find  no  hint,  and  this  circumstance  is  worthy 
of  observation,  that  these  strange  visitants  then  inspired  any  of 
the  terror  with  which,  from  an  opinion  that  they  were  the 
harbingers  of  evil  to  the  human  race,  they  were  viewed  by  the 
eye  of  superstition.  The  opinion  was  extensively  entertained 
in  Europe  before  the  revival  of  sound  philosophy ;  but,  happily, 
it  has  now  passed  away  with  many  other  dreams  of  ignorance ; 
and  the  discoveries  of  Halley  and  Newton  have  shewn  that 
comets  are  of  the  same  nature,  and  subject  to  the  same  laws,  as 
the  other  planetary  bodies  of  the  system  to  which  we  belong. 

*  Meteor.  Lib.  I. 
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Tbe  BDcient  roaniin  of  eBlimBting  the  visible  diiuncea  of  the  stars  rrom 
each  alher,  otid  the  viiible  diameter  of  the  Bun. — Manner  of  dividing  the 
ecliptic — The  hinu-  nuuiilonn. — Doienniiiution  of  the  coluret.—The  cileDt 
of  theiuo'i  morement  northward  uid  (outhirHnl.—MBDiier  of  dividing  the 
drmmferBnce  of  a  circle. — The  circle*  of  the  celratiul  ipliere  imagined. — 
Diviilon  of  the  year  into  months  and  week*. — Division  of  the  day  into 
houn.  —  Difference  beCneea  the  temponry  and  equinoctial  hours. — Ad' 
vantage*  of  reducing  astronomical  phenomena  to  a  tyntem. — The  hypotheais 
(n  material  spheres. — Tbe  plaoetiLry  orliils  supposed  to  be  circular  and 
eecratric^ Ignorance  of  the  ancients  respecting  the  distauces  of  the  planet* 
fmn  the  earth. 

In  estimating  by  the  eye  the  small  distances  o£  stars  or  planets 
firoui  eacli  other,  and  from  the  moon  at  the  times  of  tlie 
appulscs,  the  ancient  astronomers,  besides  comparing  those  dis- 
tances with  the  visible  diameter  of  the  moon,  referred  sometimes 
to  the  measures  of  lengtli  in  ordinary  use;  thus  Aratus,  wanting 
to  express  the  distance  of  a  certain  star  from  the  nebula  in 
Cancer,  says  it  is  about  equal  to  a.  pygon,  or  cubit'.  Now  this 
distance,  as  is  observed  by  Delambre,  is  known  to  be  equal  to 
3"  20' ;  therefore  what  was  called  a  cubit  in  the  heavens  may  be 
considered  as  equivalent  to  tliat  quantity.  This  mode  of  de- 
signating such  spaces  appears  to  have  been  occasionally  em- 
ployed even  after  instruments  were  invented,  at  least  where 
great  accuracy  was  not  attempted,  for  we  find  the  same  ex- 
pression in  tiie  works  of  the  Arabian  writers  of  llie  middle 
ages. 

MacrobiuB,  in  his  commentary  on  the  Dream  of  Scipio",  ex- 
plains a  method  supposed  to  have  been  used  by  the  EgyptJana 
for  measuring  the  angular  diameter  of  the  sun,  which,  from  its 
simplicity,  is  likely  to  have  been  very  early  put  in  practice :  he 
says  they  observed  on  the  day  of  the  equinox  the  direction 
assumed  by  the  shadow  of  the  gnomon  of  an  equatorial  dial  at 
"  Ldb.  I.  oq).  30. 
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the  moment  the  upper  edge  of  the  sun  appeared  above  the 
horizon,  and  again  its  direction  when  the  lower  edge  became 
visible ;  then,  4he  angle  between  these  lines,  which  is  that  sub- 
tended by  the  diameter  of  the  sun,  since  the  apparent  diurnal 
movement  of  the  luminary  is  then  in  the  plane  of  the  equator, 
being  compared  with  the  angle  made  by  two  shadows  of  the 
gnomon  at  an  interval  of  one  hour  [15  degrees],  gave  the 
measure  of  the  sun's  visible  diameter.  The  method  is,  however, 
very  defective  because  of  the  errors  produced  by  refraction  ;  the 
faintness  of  the  shadow  cast  when  the  sun  is  in  the  plane  of  the 
dial,  and  the  obliquity  with  which  the  sun  ascends  above  the 
horizon ;  therefore  it  is  not  wonderful  that  the  Egyptians  should 
have  made  the  diameter,  by  such  means,  three  times  as  great  as 
it  really  is.  According  to  Cleomedes*,  they  succeeded  better 
with  the  clepsydra,  which  he  says  they  employed  in  the 
following  manner :  on  the  day  of  the  equinox  they  measured  tlie 
quantity  of  water  which  flowed  during  the  rising  of  the  sun's 
disc  and  compared  it  with  that  which  flowed  during  a  whole 
day ;  and  the  proportion  of  the  latter  to  the  former  was  con- 
sidered the  same  as  that  of  the  circumference  of  a  circle  4x>  the 
arc  which  subtends  the  angular  diameter  of  the  sun.  The  first 
quantity  of  water  is  said  to  have  been  between  T^^th  and  y  J-g^th 
of  the  other,  and,  dividing  360  degrees  by  these  denominators, 
we  find  that  the  corresponding  measures  of  the  visible  diameter 
of  the  sun  are  equal  to  80'  52*  and  28'  48",  which  are  very  near 
the  truth,  considering  the  means  employed  to  detennine  them. 
The  possibility  of  ascertaining  with  so  much  precision  the  pro- 
portion between  the  quantities  of  water  flowing  firom  the 
machine  is,  however,  doubtful ;  though  it  is  probable  that  the 
method  above  described  is  the  only  one  which  would  be  em- 
ployed before  instruments  for  the  direct  measurement  of  the 
sun's  diameter  were  invented ;  and  we  have  no  account  of  any 
instrument  for  the  latter  purpose  earlier  than  the  time  of 
Archimedes. 

Of  the  magnitudes  of  the  celestial  bodies  it  can  hardly  be 
expected  that  any  thing  like  an  approximation  to  the  truth 
should  have  been  obtained  in  the  times  of  which  we  are  speak- 

*  De  Mundo,  Lib.  il.  cap.  1. 
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ing.  Plato,  in  the  Epinmnis,  makes  ciue  of  the  Hpeatcrs  state 
tJiat  tlio  planets  had  been  dmiionstratcd  to  be  of  vast  size ;  irom 
wltich,  and  from  the  times  ihcy  employ  in  performing  their  re- 
%'ohitioiis,  he  takes  occasion  to  infer  that  the  Deity  is  the 
of  their  motions :  Lucretius,  on  the  otlier  hand,  in  the  true  spirit 
of  scepticism,  and  because  the  determinations  of  the  ancients  are 
nncertaiu,  asserts  that  the  heavenly  bodies  are,  in  rcahty,  no 
larger  than  they  appear,  to  tlie  eye,  to  be,  A  method  which 
cannot  but  appear  to  us  as  singularly  absurd  is  proposed  by 
Cleomedcfi"  for  ascertaining  tlie  diameter  of  the  sun,  ajid  con- 
sists in  making  a  horse  run  upon  a  level  plane  from  the  moment 
the  upper  limb  of  the  sun  appears  in  the  horizon  till  the  whole 
disc  is  above  it ;  tlio  space  the  horse  is  supposed  to  describe  in 
that  lime  is  estimated  at  ten  statlia,  and  it  is  inferred,  (which, 
'  however,  imphes  that  the  sun  is  in  contact  with  the  earth,)  that, 
if  the  motion  of  tlie  earth  were  equal  to  that  of  the  horse,  the 
diameter  of  tlic  sun  would  be  equal  to  ten  stadia.  It  is  fiuther 
stated,  but  we  know  not  on  what  groimd,  that  the  Egy^itians 
considered  the  diameter  of  Saturn  to  be  double  that  of  the 
noon,  and  the  diameter  of  the  sun  to  be  half  the  sum  of  the  other 
two  diameters. 

The  necessity  of  indicating  the  patlis  of  the  sun,  moon  and 
planets  must  have  led  veiy  early  to  an  effort  at  dividing  the 
zone  or  band  of  the  heavens,  within  which  their  movements  are 
performed,  into  a  certain  number  of  equal  parts,  in  order  to  as- 
sign the  places  of  those  bodies,  at  any  given  lime,  with  more 
precision  than  could  be  obtained  by  simply  naming  the  con- 
stellation they  then  occupied ;  this  must  have  been  a  work  of 
great  difficulty  before  instruments  for  measuring  angles  were 
invented,  but  we  have  proofs  that  tlie  Chaldeans,  Egyptians 
and  Hindus  had  attempted  so  to  divide  that  zone;  and,  from  a 
coincidence  in  tlic  nature  of  tlie  divisions,  if  we  leave  out  the 
improbable  statement  of  Sorvius  tliat  the  Chaldeans  divided  the 
zodiac  into  eleven  parts,  it  appears  Uiat  the  principle  which 
guided  all  these  people  was  the  same.  Sextus  Em]>iricus  asr- 
eerts,  in  his  treatise  Adi-ernus  Mat/icma/.'',  that  the  Chaldeans 
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divided  the  zodiac  into  twelve  parts  by  means  of  a  clepsydra,  in 
the  following  manner;  tLcy  measured  llie  quantity  of  water 
which  flowed  from  the  niachioe  in  tLe  intenal  between  two  , 
Buccesuve  risings  of  some  one  star  situated  in  or  near  I 
ecliptic ;  then,  at  the  rising  of  the  same  star  on  any  subsequei 
niglit,  they  unclosed  iJie  orifice,  and  the  zodiacal  star  whicli  ' 
appeared  in  the  horizon  when  one-twclfili  of  the  water  had  run 
off,  indicated  that  one  complete  sign  had  risen  ;  ajid,  this  ojter- 
ation  being  repeated,  the  particular  stars  which  terminate  each  J 
of  the  twelve  dinsions  were  foimd.  But  to  avoid  the  crronlj 
arising  from  the  irregular  flowing  of  the  water  from  the  clep*" 
sydra,  the  following  method  of  apjiroximating  to  an  equal  di- 
vision of  tlio  zodiac  has  been  proposed,  and  it  is  conceivable 
that  it  may  have  been  put  in  practice  by  an  ingenious  people  in 
the  infancy  of  science.  About  an  hour  afler  sun-set,  on  e 
day,  let  a  star  be  observed  in  the  horizon  near  the  place  wbei 
the  sun  has  disap[>eared ;  and  if,  at  the  same  moment,  a  star  * 
should  appear  to  be  rising  at  a  point  in  the  horizon  diame- 
trically opposite  to  tlial  occupied  by  the  other  star,  these  two 
stai's  will  be  in  or  near  the  ecliptic.  Then,  in  about  thiriy  dajs^ 
from  this  time,  that  is  at  the  end  of  about  one-twelfth  part  i 
the  year,  let  the  Uke  phenomena  be  obsen'cd  for  two  other  stoisj^ 
and  the  interval  between  the  two  which  set  near  tlie  sun,  or  be- 
tween tliose  which  were  ascending  on  the  opposite  side  of  the 
horizon,  will  be  equal  to  about  one-twelfth  part  of  the  circ 
ference  of  the  zodiac  in  Uie  heavens  ;  consequently  it  will  f 
one  of  the  signs  or  dodecatcmories,  and  in  tlie  same  manner  ■ 
of  tlicm  may  be  determined.  Witliout  denying  tiiat  a  dinsion 
of  Uie  zodiac  was  early  mado  by  the  Chaldeans  according  to 
one  or  tlie  other  of  these  methods,  it  is  e\idcnt  tliat  tlie  portions 
could  not  have  been  equal,  as  were  the  signs  into  which  that 
circle  was  subsequently,  and  still  is,  divided  ;  for,  besides  the 
various  causes  of  error  which  affect  tlie  places  of  celestial  bodies 
near  the  horizon,  on  account  of  the  obliquity  of  tlie  axis  of  the 
zodiac  to  that  of  the  apparent  diurnal  motion  of  the  sphere  of 
the  stars,  uncijutU  purliuiis  of  the  zodiac  ascend  above  tlie  ho*-; 
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inlo  equal  spaces  coult!  only  have  been  deduced  from  the  arcs 
which  rise  in  equal  liiiies  by  calculalions  of  which  no  traces 
appear  iu  any  account  we  have  of  the  learning  of  that  ancient 
people.  It  is  probable  that,  origiDally,  the  divisions  of  the 
ecliptic  were  estimated  by  the  eyo  and  made  about  the  eame 
length  that  tlie  zodiacal  conslelletionH  appeared  to  occupy  iu 
the  heavens ;  even  after  the  dodecalemorics  were  used  in  astro- 
nomiraU  works,  the  unequal  divisions  were  still  partially  re- 
luned ;  for  Uipparehus,  in  tlie  second  book  of  the  commentary 
on  .\ralus,  makes  the  extent  of  Cancer  equal  to  about  ten  degrees, 
only,  while  some  of  the  others  exceed  thirty,  and  Ptolemy  gives 
bnt  twenty  degrees  to  Aries  while  about  thirty-nine  arc  included 
iu  TauniB. 

Now  if  the  star  which  set  near  tlie  sun's  patli  and  about  an 
hour  after  him  had  hcen  observed  so  to  set  on  tlie  day  of  the 
Kumnier  solstice,  and  if  a  star  had  been,  in  like  manner,  observed 
about  thirty  days  previously;  then  the  whole  dodecatemory  be- 
tween those  stars;  becoming  visible  six  months  afterwards,  tliat 
is  at  the  time  of  the  winter  solstice,  by  its  rising  at  sun-set  on 
the  opposite  side  of  the  horizon,  if  a  circle  were  conceived  to  be 
traced,  in  tlie  heavens,  between  the  poles  of  the  earth  and  any 
remarkable  star  which  might  present  itself  in  the  middle  of  that 
arc  of  the  ecliptic;  this  circle  would  be  the  solsticial  colure,  and 
the  star  last  mentioned  might  serve  to  ri'cognize  it  in  the  ce- 
lestial sphere.  The  position  of  the  ctiuinoclial  eolurc,  whose 
plane  is  at  right  angles  to  the  former,  might  be  determuicd  in  a 
tdmilar  manner.  The  colures  would  thus  pass  through  the 
middle  of  the  dodecatemories,  and  it  appears  that  such  were 
llio  situations  assigned  Uiem  by  tlie  Chahleaiis  and  Egyptiaxifi : 
the  same  disposition  of  the  coIutcb  was  adopted  by  Kudoxus, 
probably  from  these  people,  and  it  jireiailed  among  the  Greeks 
till  Hipparchu-s  introduced  the  practice,  which  has  ever  since 
continued,  of  placing  the  colures  at  the  comnienceinent  of  the 
signs,  and  reckoning  the  longitudes  of  stars  ironi  Ine  place  of 
the  remal  equinox.  Tlie  equator  and  all  circles  parallel  to  it, 
which  are  cut  by  the  horizon,  might,  in  the  infancy  of  astro- 
nomy, be  divided  into  signs,  or  arcs  of  thirty  degrees,  by  ob- 
■"•n-ing  what  stars  rose  or  set  at  the  end  of  eqnal  intervals  of 
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time,  measured  by  a  clepsydra  or  olherH-ise ;  the  dirisiun  of 
these  circles  doI  presenting  ttie  same  diliicullies  as  that  of  tiie 
ecliptic,  because  their  planes  arc  perpentlicular  to  the  axis  of 
the  earth's  daily  revolution,  and,  therefore,  equal  arcs  ascend 
above  Ihc  horizon  in  equal  times. 

Tlie  methods  which  served  for  determining  the  dodecatc- 
mories  might  have  been  employed  to  divide  the  zodiac  into 
twenty -eight  parts ;  a  division  which  apiiears  to  have  been  early 
perfonned  in  order,  probably,  to  exhibit  the  extent  of  the 
moon's  daily  motion  firom  west  to  east.  The  spaces  were  de- 
nominated the  lunar  mansions,  and  ihey,  subsequently^  acquired 
importance  from  an  opinion,  maintained  by  astrologers,  that  the 
particular  influences  exercised  by  the  moon  on  terrestrial  ob- 
jects, at  any  given  time,  depended  upon  the  mansion  she  then 
occupied.  This  division  of  the  ecliptic  appears  to  have  origin- 
.  ated  with  tlie  Egyptians,  but  it  was,  aAerwards,  adopted  by  the 
Arabians,  Persians,  Chinese  and  Hindus ;  there  is  no  proof  tliat 
it  was  iu  use  among  the  ancient  Chaldeans,  and  some  of  the 
Hindus  differ  from  all  the  other  people  in  reckoning  twenty- 
seven  divisions  instead  of  twenty-eight.  The  Egyptians  and 
Hindus  also,  for  astrological  purposes,  divided  each  sign  of  tlie 
ecliptic  into  three  equal  parts,  or  Decani,  so  calletl  because  they 
contained  ten  degrees  each,  and  the  latter  allotted  to  e^ch  part  a 
regent  exercising  an  in6ucnce  in  subordiuation  to  the  particular 
planet  which  he  there  represented  *. 

The  commencement  of  the  dodecatemories  and  that  of  the 
lunar  mansions  are  believed  to  have  been,  originally,  coincident, 
and  the  Egyptians  are  supposed  to  have  placed  their  common 
origin  on  the  circle  of  celestial  longitude  passing  througli  tlie 
star  Regulus,  probably  because,  when  they  chose  the  summer 
solstice  for  the  cnmmenccment  of  one  division  of  their  agri- 
ctdturol  year,  that  star  was  nearly  in  conjunction  with  the  sun. 
If  we  suppose  the  heliacal  rising  of  Sinus  to  have  taken  place 
precisely  on  the  day  of  the  summer  solstice,  the  epoch  of  the 
phenomenon  will  ho  found  by  computation  to  have  heeu  vither 
2500,  or  3000  years  before  the  commencement  of  our  era,  ac< 
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cording  as  we  suppose  the  star  to  be  distant  in  longitude  10  (» 
15  degrees,  respectiTely,  from  the  sim  when  it  first,  in  Egypt, 
becmaes  disengaged  from  the  raj-s  of  that  luminary  before  his 
ndng.  At  tlie  former  of  these  epochs,  the  longitude  of  Rcgulas 
Wi-as  86j  degrees,  and  at  tlie  latter,  80}  degrees  ;  consequently 
the  star  must,  at  either  epoch,  have  been  sitnaled  within  a  few 
degrees  of  the  solstitial  colure.  Now  the  four  iutersections  of 
the  colures  -with  the  echpuc  taking  place  at  the  beginning  of 
the  first,  screnth,  foHrleenth  and  twenty-first  lunar  mansions,  it 
will  follow  that,  in  the  age  just  mentioned,  the  circles  of  longi- 
tude pas4ng  through  the  two  extremities  of  each  of  those  four 
nansions  respectively,  passed  also  near  the  four  principal  fixed 
stars  ReguluB,  Antarcs,  Fomalhaut  and  Aldebaran:  a  disposition 
lilEely  enough  to  have  excited  attention,  and  wliieh  probably 
had  some  influence  in  determining  the  number  of  the  man- 


Since  tlio  first  considerable  star  in  the  constellation  Aries 
(now   marked   y,)   has  less  longitude   than   Kcgulus  by  about 
W,  it  must  have  happened  Uiat,  at  tlie  time  of  the  sup- 


the  circle  of  longitude 
incided  with  the  commence- 
Lon  ;  and  an  opinion  has  been 


posed  invention  of  the  lunar  mansio 
pa»ing  through  the  former  star  ( 
ment  of  the  nineteenth  lunar  mar 

advanced,  unsupported  indeed  by  direct  evidence,  yet  i 
theless,  not  destitute  of  probability,  tliat  when,  by  the  retro- 
gradation  of  the  equinoctial  points,  the  equinoctial  colure  passed 
through  the  same  star,  which  was  about  the  year  390  Before 
Christ,  the  commencement  of  tlie  year  was,  by  the  Greeks  and 
Asiatics,  changed  fi-om  the  epoch  of  the  summer  solstice  to  tliat 
of  the  vernal  equinox  ;  a  circumstance  which  did  not  prevent 
the  origins  of  the  dodecatemories  and  lunar  mansions  froui  being 
ktill  coincident.  In  the  second  volume  of  the  Asiatic  Re- 
searches is  contained  an  Essay  by  Sir  William  Jones,  shewing 
that  the  ancient  Hindus  divided  the  zodiac  into  twenty-seven 
Nak-chatias  or  lunar  mansions,  of  which  the  first  includes  tlie 
three  stars  in  the  head  of  Aries ;  and  consequently,  is  coincident 
with  the  first  of  the  zodiacal  signs  :  and,  in  the  ninth  volume,  is 
a  dissertation  by  Mr.  Colebroolc,  in  which  the  writer  endea- 
vours to  prove  that  these  Nak-cbatras  coincide  witli  llie  lunar 
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mansions  of  tJie  Arata,  as  they  are  described  by  Ulug  Bej 
Mr.  Beiitlcy,  in  tlie  eighth  volume,  states  tliat  the  Hindus  t 
cribe  llic  invention  of  ihis  division  of  ihe  ecliptic  to  Docsl 
who,  hte  Atlas  in  the  Greek  mytlicilogy,  is  said  to  have  bern^ 
grandson  of  the  daughter  of  the  Ocean  :  a  circumstance  wliici 
gives  i-ome  force  to  the  opinion  that  tlie  Hindn  astitinomy  v 
derived  from  Greece  or  Eg)'pt.  M.  Btiilly  observes  that  thou^ 
the  number  of  the  lunar  mansions,  according  to  the  Hindus,! 
lesB  l)y  one  than  that  assigned  by  the  Egyptians  and  t 
people ;  yet,  as  the  foiTner  subdivided  each  of  tlie  Iwenty-sevel 
mansions  into  four  parts,  and  the  Egj-ptians  suhthvided  each  t 
the  twelve  zodiacal  signs  into  nine  ]>an».  tbo  whole  number  c 
divisions  is  the  same,  according  to  both  people;  which  i 
further  serve  to  strengthen  tlie  opinion  that  tlie  ostronoinies  I 
India  and  Egy]]t  had  a  common  oiigin. 

Hitherto  we  have  described  merely  the  apparent  intersectioi 
of  the  planes  of  the  equator  and  ecliptic  in  the  heavens,  a 
shewn  liow  the  primitive  divisions  of  tliese  circles  were  esS> 
mated :  we  have  now  to  mention  the  steps  by  which  the  ] 
silions  of  the  principal  circles  of  tlie  sjihere  were  determined^ 
the  manner  of  expressing  the  measure  of  any  portion  of  Ihd 
circumferences,  and  the  means  of  ascertaining  with  pn?cisiafl 
the  values  of  any  angular  distances  between  the  apparent  pket 
of  the  celestial  bodies. 

A  very  slight  linowledge  of  geometry  would  suffice  to  shn 
the  extent,  from  north  to  south,  of  the  sun's  annual  path  ii 
heavens.  Tlie  length  of  the  gnomon,  and  tliat  of  its  shadoi 
form  lwx>  sides  of  a  right  angled  triangle  from  which  the  valnl 
of  the  angle  at  the  vertex,  between  the  gnomon  itself  and  t] 
ray  passing  from  its  summit  to  the  extremity  of  tlic  shadot 
might  be  determined  by  a  graphical  construction  according  tokl 
method  winch  a]ipeiirs  lu  have  been  used  by  Archiinctle«, 
probably  was  that  by  which  such  measurements  were  firi 
made ;  that  i»,  by  taking  with  compasses  Uie  chord  of  the  t 
sidilending  the  angle,  and  finding  how  olleii  il  could  be  io^ 
scribed  in  tiie  circumference  of  tlie  whole  circle.  The  differW  * 
ence  between  the  two  angles  tnken  on  the  days  wlien  the  sun's 
Khodow  wiiR  the  greatest  anrl  Ihe  least,  which  is  the  measure  of 
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Ui«  sun's  anuual  movement  Itdiii  south  to  north  in  the  heavens, 
might  thus  be  found  equal  to  about  one-eighth  of  Uie  eircum- 
fereuce  of  a  circle  of  Uie  sphere ;  ajid  this,  indeed  appears  to 
tiave  been  the  result  originally  obtained.  But  tie  method  of 
estimating  the  value  of  an  angle  by  a  frattional  pari  of  llio 
whole  circumference  of  a  circle  seems  early  to  have  given  place 
to  one  mure  accurate ;  wliicli  vtas  to  consider  tlie  circumference 
of  a  circle  as  divided  into  a  certain  number  of  equal  parts  or 
ck'grees,  360  for  example,  and  to  ascertain  the  number  of  those 
degrees  which  were  contained  in  the  arc  subtending  the  angle : 
according  to  tliis  method  the  difference  of  the  angles  made  by 
the  rays,  \vith  the  gnomon,  Monld  be  found  to  be  equal  to  about 
forty -seven  degrees ;  aud  tlie  inclination  of  the  planes  of  the 
ecliptic  and  equator,  which  is  equal  lo  half  that  quantity,  would 
be  about  23"  30'. 

The  dinsion  of  the  circumference  of  a  circle  into  360  parts, 
or  degrees,  may  be  almost  considered  as  universal  among  ma- 
tliematicians,  and  it  is  probable  enough  that,  when  from  tlie 
firat  and  rudest  obsenations,  the  length  of  the  year  appeared  to 
be  equal  to  360  days,  the  division  of  the  circle  into  as  many 
degrees  was  immediately  adopted  on  account  of  the  convenience 
of  expressing  the  daily  uiovement  of  the  sun  in  longitude  by 
one  of  those  degrees :  after  a  more  uorrcct  leugth  of  the  year 
bad  been  ascertained,  a  perception  of  the  advantages  of  that 
division,  ari»ng  from  the  many  simple  divisors  contained  in 
the  number  3(iO  (which  rendered  it  possible  to  express  various 
arcs  by  a  certain  number  of  de^jroes  without  fractions)  caused 
it,  with  a  sexagesimal  subdiiision,  to  be  retained,  and  it  has 
erer  since  continued  in  use.  The  great  political  revolution  which 
took  place  in  France  near  tlie  end  of  the  cigbtoentb  centuiy 
brought  forth,  indeed,  a  new  graduation  of  the  circle,  in  which 
each  quadrant  is  divided  into  ItiO  parts  and  each  part  is  deci- 
tnaUy  subdivided  ;  but,  however  advantageous  this  method  may 
be,  it  has  only  yet  bccu  able  to  obtain  a  very  partial  adoption. 

It  appears  from  a  treatise  of  Proclus'  that  on  some  ou:asions 

the  ancients  expressed  the  values  of  arcs  or  angles  ))y  numberi 

fotmded  un  a  division  of  th^  circumference  of  a  circle  into  sixty 

*       '  De  Sfhmrm,  tea.  IX. 


86  DIVISION    OF   THE  [C! 

parts,  and  Eudoxus  is  said  to  have  used  that  mode  of  expres- 
sion ;  agreeably  to  which  Proclus  makes  the  di^Unce  from  tJie 
pole  of  the  world  to  the  northern  point  of  the  horizon  equal  (o 
six  parts  (  =  36°);  which  is  equal  to  the  lalilnde  of  llhodes;  the 
distance  of  the  pole  irom  the  point  of  summer  gulstice  he  makes 
equal  to  Ave  parts  (30°),  and  the  distance  of  t}ie  equator  from 
either  tropic,  or  the  obliquity  of  the  ecliptic,  etjual  to  four  parts 
(24°).  It  is  probable,  however,  tliat  such  numbers  were  often 
employed  merely  as  reductions  of  the  proporlions  of  arcs  of 
circles  to  their  lowest  terms.  The  Chinese  have  from  the  ear- 
liest period  of  tlieir  history  divided  tlie  circumference  of  each 
great  circle  of  the  sphere  into  305  equal  parts,  so  that  the  daily- 
motion  of  tlic  sun  from  west  to  east  is  nearly  equal  to  one  of 
their  degrees ;  which  shews,  at  the  same  time,  the  reason  (rf 
using  tliat  graduation,  and  that  when  astronomy  w 
tivatcd  in  Uieir  countrj-,  the  length  of  tlie  year  was  Imown  to  l 
equal  to  that  number  of  days. 

'ITie  circle  which  limits  the  view  of  the  spectator  on  the  earth** 
surface,  having  its  piano  extended  every  way  to  the  celestial 
sphere,  was  doubtless  the  first  of  those  which  were  imagined  to 
he  described  in  the  heavens,  for  the  purpose  of  designating  the 
places  of  the  fixed  stars  anil  planets,  though  it  is  remarkable 
that  the  term  horizon,  which  is  applied  to  that  circle,  occi 
only  lor  the  first  time  in  an  astronomical  work  written  by  t] 
celebrated  Euclid,    The  position  of  the  north  point  of  tlie  b 
rizon,  and  the  direction  of  the  meridian,  must  have  been  ii 
diately  delcnuined,  and  this  could  be  done  with  tolerable  a 
racy  by  a  method  which  has  been  stated  above ' :  a  line  pas 
through  the  [ilacc  of  the  obsoner,  at  right  angles  to  tlie  met 
dian,  would  cut  the  horizou  in  tlie  east  and  west  points ; 
the  diurnal  path  of  any  stux,  which  might  be  observed  to  rise  q 
the  fonncr  and  set  in  the  latter  of  those  points,  would  serve  I 
indicate  the  position  of  the  equator  in  the  heavens ;  then,  i 
soon  as  means  were  obtained  of  taking  the  elevation  of  a  c 
lestial  body  above  the  horizon,  it  would  be  found  thai  such  sta 
on  arriving  in  the  plane  of  the  meridian,  had  ilie  same  clevutica 
4S  tlic  sun  on  tliose  two  days  of  the  year  when  he  apjiears,  oMa 
'  f»te  3J. 
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to  rise  in  the  east ;  cnDscqucntly  the  sun,  un  each  of  those  days, 
appears  to  describe  the  circumference  of  tlic  equator,  by  his 
diunial  movement,  and  tliese  days  are  found  to  be  equally  dis- 
tant from  those  on  which  the  shadow  of  a  gnomon  is  the  longest 
and  the  shortest ;  but,  as  soon  as  the  two  days  were  dctenninud 
on  which  the  sun  rises  in  the  east,  a  comparison  of  the  angles 
which,  at  noon,  the  gnomon  makes  with  Uie  solar  ray  projecting 
the  cslri'mily  of  the  shadow,  would  shew  that  the  deviations  of 
the  sun,  northward  and  southward,  from  the  equator  were  equal 
to  eacli  other  on  the  days  of  tlie  greatest  and  least  lengths  of  the 
sliadow ;  and  it  would  bo,  no  doubt,  immediately  concluded,  by 
combining  the  motion  of  tliat  luminary  from  west  to  cast  with 
his  declinations  from  the  equator,  that  he  must  appear  to  de- 
scribe, annually,  in  the  hcavcus  a  route  whose  circumference 
crosses  tliat  of  the  equator  in  two  points  diametrically  opposite 
lo  each  other,  and  whose  plane  is  inclined  to  that  of  the  latter 
circle  in  an  angle  equal  to  half  tlie  whole  movement  of  the  sun 
from  south  lo  north  ;  that  is,  to  about  23j  degrees,  Tlie  year 
is,  consequently,  tbvided  nearly,  into  four  equal  parts  by  llie 
two  times  at  which  the  sun  crosses  the  equator,  and  those  two 
at  which  he  attains  his  greatest  decUnations :  these  days  might 
naturally,  tlieu,  sen'e  to  mark  the  commencements  of  the  four 
seasons  of  the  year ;  and,  because  an  equality  in  the  lengths  of 
day  and  night  is  observed  to  take  place  when  the  sun  is  in  tlie 
equator,  the  two  pointit  in  the  heavens  which  tlie  sun  occupies 
OO  those  days  received  the  name  of  equinoxes,  while  the  term 
solstice  was,  as  we  have  said,  applied  to  each  of  tliose  days  on 
which  the  sun's  decbnation  is  the  greatest.  The  circles  which 
the  sun  ajipears  to  describe,  in  his  diurnal  course,  on  the  days 
of  the  solstices,  received  the  name  of  tropics  from  a  word  sig- 
nifying a  return,  because,  from  tlie  solstitial  points,  the  sun 
seems  lo  retiuTi  towards  the  equator-  To  the  oblique  route 
described  annually  by  the  sun  tlirougb  the  heavens  tlie  name  of 
ecliptic  was  given  because  the  eclipses  of  the  sun  and  moon 
take  place,  always,  in  or  near  its  circumference. 

The  positions  of  the  equator  and  ecliptic  being  determined,  it 
was  easy  to  conceive  tlie  existence  of  other  circles  in  the  ce-     • 
Icstial   sphere  respectively  perpendicular  and   parallel  to  Uie 
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planes  of  the  two  former,  and  to  refer  to  them  the  places  of  the 
celestial  bodies,  by  the  coordinate  distances  of  the  latter  from 
such  of  tlie  circles  as  were  considered  to  be  the  primitives :  the 
distances  were  denominated  longitudes  &nd  latitudes,  with  respect 
to  the  ecliptic ;  right  ascension  and  declination,  \i4th  respect  to 
the  equator.  And  after  the  spherical  form  of  the  earth  was 
recognized,  the  planes  of  the  celestial  equator  and  of  the  circles 
perpendicular  to  it  were  imagined  to  cut  the  earth  and  form  on 
it  the  terrestrial  equator  and  circles  of  ten^estrial  longitude ;  also, 
by  lines  supposed  to  be  drawn  from  the  centre  of  the  earth  to 
the  circumferences  of  circles,  in  the  heavens,  parallel  to  the 
equator,  corresponding  circles  would  be  conceived  to  be  marked 
out  upon  the  surface  of  the  earth  and  form  there  what  have 
been  called  circles  of  terrestrial  latitude ;  these  circles  on  the 
earth  serving  to  fix  the  geographical  positions  of  places,  as  those 
in  the  heavens  sei*ved  to  determine  the  situations  of  the  celestial 
bodies. 

The  position  assigned  by  the  ancients  to  the  arctic  circle  in 
the  heavens  is  not  the  same  as  that  which  tins  circle  is  now 
supposed  to  occupy ;  at  present  its  distance  from  the  pole  of 
the  world  is  made  equal  to  that  of  either  tropic  from  the  equator, 
but  Proclus  states "  that  Eudoxus  considered  it  to  be  at  a  dis- 
tance from  that  pole  equal  to  the  latitude  of  the  place  of  observ- 
ation, so  that  it  must  have  touched  the  horizon  of  that  place  on 
the  northern  side,  and  must  have  formed  the  southern  limit  of 
the  circumpolar  constellations,  or  those  which  are  always  visible 
by  night.     It  is  thus  described  by  ManiUus : 

Circulus  ad  boream  fulgentem  sustinet  arcton, 
Sexque  fugic  tolidas  a  oobM  Tertioe  partes^. 

The  six  parts  here  mentioned  are  equal  to  -/g-  of  the  whole 
circumference,  according  to  the  division  of  the  circle  used  by 
Proclus  and  ascribed  to  Eudoxus  ;  that  is,  they  are  equal  to  36^ 
according  to  the  common  graduation,  which  indicates  that  the 
place  of  observation  must  have  been  situated  in  the  parallel  of 
the  latitude  of  Rhodes.  The  astronomical  poet  also  states,  in 
the  same  book,  tliat  the  northern  tropic  is  distant  from  the  arctic 

*  De  Sphasra.  ^  Astronomicon,  Lib.  I.  ver.  A6i. 
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circle  by  five  parts,  and  tlie  equator  IVijm  tlie  tropic  by  four 
parts,  wliich  must  be  imderslood,  in  like  maimer  to  be  equi- 
valent, reBpectivcIy,  to  30°  and  -24°;  a  quadrant  of  the  meridian 
being  divided  into  fiAcen  parts,  according  to  Eudoxus. 

We  have  said  that  some  nations  divided  the  year  into  months 
of  thirty  days  each,  the  commencement  of  each  month  being 
probably  determined  by  the  appearance  of  the  new  moon ;  and 
it  Keems  tJiat  half  synodical  revolutions  of  that  luminaiy  wert^ 
by  the  ancient  Hindus  ',  on  some  occasions,  used  as  measures 
of  tiiue.  It  has,  also,  been  GUpposed  that,  as  soon  as  the  period 
of  a  sidereal  revolution  of  the  moon,  which  is  equal  lo  about 
twenty-eight  days,  was  observed,  Uie  four  principal  phases  of 
that  luminary  were  made  to  ser^■e  the  purpose  of  dividing  the 
month  into  weeks  ol'  seven  days  each ;  but-  it  is  probable  that 
this  last  cycle  may  lay  claim  to  a  higher  origin,  and  diat  it» 
first  use  may  have  been  derived  from  an  appointment  of  the 
Deity  htmulf.  Tlie  knowledge,  hottever,  of  the  first  revelation 
granted  to  man  being  lost  to  the  heathen  world,  it  was  natural 
that  a  cclcsliul  observatiou  which  it  was  in  the  power  of  many 
persons  to  make  sboidd  be  tlionght  to  have  given  rise  to  the 
employment  of  tlie  period,  and  tliat  the  invention  of  it  should 
have  hccn  ascribed  to  that  pcoplti  amongwhom  a  knowledge  of 
it  was  first  found  to  exist.  Dion  Cossius  states ''  that  the  week 
of  seven  days  was  invented  by  the  Egyptians;  hut,  in  whatever 
way  it  may  have  been  introduced,  it  is  certain  that  it  has  been 
received  by  all  people  wiio  have  a  notion  of  a  calendar;  and  it 
has  been  proved  by  La  I'laee  to  be  identical  in  all  calendars 
both  with  respect  to  the  denominations  of  the  days  and  their 
correspondence  lo  the  same  physical  instants  of  time. 

According  to  the  testimony  of  Horus  Apollo,  who  lived  ia 
the  fourth  ccntiuy  of  our  era,  and  wrote  upon  the  Egyptian 
hieroglypliics,  tlie  Cynocephali  (supposed  by  Mr.  Bryant'  lo 
have  been  members  of  a.  royal  seminary  in  Upper  Egypt,)  wore 
addicted  to  the  contemplation  of  tlie  heavens,  from  which  they 
learned  to  di.stinguish  the  seasons  and  to  di\  idc  the  day  into 
twelve  parts  or  hours.     But  in  the  writings  of  the  JFcwish  and 
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Arabian  aslronoraers  of  the  middle  ages  the  division  of  the  day^ 
into   twenty-four  hours,   and   the  denominations  of  the  dayi 
themselves,  are  ascribed  to  the  Chaldeans,  who  are  said  to  hart 
called  each  liour  by  the  name  of  a  planet  and  to  have  given  t 
each  day  the  name  of  that  planet  from  which  its  first  hour  w 
designated.     From  the  arrangement  of  the  days  of  which  t 
week  is  composed,  it  is  evident  that  a  disposition  of  the  planet 
similar  to  that  assigned  in  the  system  of  Itolemy  must  han 
been  prevalent  at  the  time  the  denominations  were  imposed  (fl 
for  if  we  reckon  the  planets  in  the  order  which  they  have  ii 
that  system;  viz.  Saturn,  Jupiter,  Mars,  tlic  Sun,  Vei 
cury  and  the  Moon,  tlie   first   hour  of  the  first  day  would  1 
designated  Saturn,  and  the  name  of  Saturn  was   given   to  ihatl 
day ;   then,  in  twenty -four  hours,  tlie  planets  would  be  passedl 
over  three  times,  and  tliere  would  remain  three  hours,  so  that  il 
the  day  began  with  Saturn  the  last  hour  would  be  called  Marsn 
therefore  tJie  first  hour  of  the  second  day  would  be  given  to  ibmM 
sun,  and  tliat  was  tlie  name  of  the  second  day;  again,  reckonin) 
as  before,  tlie  last  hour  of  the  second  day  would  be  Mercuij 
and  tlic  first  hour  of  the  tliird  day  woidd  be  given  to  the  mooDjM 
BO  that  the  third  day  received  the  name  of  the  Moon,  and  s 
Tlius  the  several  days  had,  in  succession,  the  names  of  the  Siio^  J 
Moon,  Mors,  Mercury,  Jupiter,  Venus  and  Saturn ;  and  I 
arrangement  must  have  been  communicated  fi'om   the  peopio 
who  first  proposed  it,  to  the  Egyptians,  Greeks  and  Romans^ 
for  these  could  not  have  been  led,  indejiendently,  to  the  ado] 
tion  of  the  same  names  of  days,  from  tho  order  of  tlie  distances^ 
of  the  planets,  since  they  did  not,  all,  suppose  this  order  ti 
the  same.     Almost  all  the  people  of  the  ancient  norld  supposed 
the  day  to  begin  at  sun-rise,  no  doubt  because  that  phenomenon,  I 
was  a  most  distinguishable  mark  offtTcd  by  Natiu'c  herself  to  J 
divide  the  period  of  a  revolution  of  the  heavens  into  two  g 
portions;  and  tlie  interval  from  sun-rise  to  sun-set  was  con^l 
sidurcd  as  tlie  length  of  the  day  ;  but  when  machines  had  beenil 
invented  for  tho  purpose  of  dividing  tho  day  into  equal  parU^,<l 
this  method  was  found  to  be  very  inconretiient  because  the  daytfff 
arc  of  unequal  length,  not  only  in  places  differently  situated  i 
with  respect  to  latitude,  but  also  at  the  same  place  in  diSerent  J 
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seasons,  and  it  was  flnaJIy  superseded  by  lliat  of  reckoning  the 
Iiours  of  the  day  fniin  noon  or  midnight.  Hipparchus  appears 
m  have  been  the  first  who  assumed  the  latter  epoch  for  the 
origin  of  the  day,  but  astronomers  now  invariably  leckoa  the 
hours  of  the  day  from  the  fonner. 

Two  metliods  of  cUviding  tiie  day  into  hours  seem  to  have 
been  employed  in  very  early  times.  For  civil  purposes,  tlia 
interval  between  sun-rising  and  sim-sctUng  was  divided  into 
twelve  equal  parts,  each  of  which,  of  course,  must  have  been, 
every  day,  of  a  diiferent  length ;  the  inte^^'aI  between  sun-aetUng 
and  sun-rising  was  divided  in  a  similar  manner,  and  it  is  evident 
thai  the  nocturnal,  couhl  not  have  been  equal  to  the  diurnal 
hours  except  on  the  days  of  the  equinoxes.  Such  equal  divi- 
sions of  tlie  natural  day  were  called  temporary  hours,  and  thej 
were  determined  by  a  clepsydra  or  some  similar  machine ;  tlie 
dimensions  of  the  aperture  Uirough  which  the  water  was  allowed 
to  flow  being  made  to  vary  witli  the  varying  length  of  the  day. 
Such  divisions  of  the  day  are  alluded  to  by  Achilles  Tatius,  who 
endeavours  to  illustrate  tlieir  natiu'e  by  comparing  them  to  the 
fingers  of  the  hand  which  are  always  tlie  same  in  number,  but 
are  not  all  of  equal  lengths.  The  ancient  astronomers,  however, 
generally  used  what  are  called  equinoctial,  or  solar  hours ; 
which  are  tliose  detennined  by  a  sun  dial,  and  inslxuments  of 
this  kind  appear  to  have  been  in  use  iroui  a  very  remote 
period. 

In  the  progress  of  astronomy,  the  discovery  of  the  princi])al 
phenomena  of  the  celestial  bodies  seems  to  have  been  followed 
immediately  by  an  effort  to  account  for  such  phenomena  by 
some  physical  cause  ;  and  the  fomiatiou  of  an  hypothesis  which 
satisfied  tlie  observations,  while  it  gratified  the  pride  of  man  by 
making  him  appear  to  be  acquainted  with  tbe  secret  mechanism 
of  nature,  must  have  facilitalcd  the  improvement  of  the  science 
by  enabling  succeeding  observers  to  connect  tlie  isolated  facts 
they  brought  to  light  so  as  to  unite  tliem  in  one  system :  by  this, 
the  original  hypothesis  may  have  been  proved  or,  if  necessary, 
modified ;  and  from  tlience  it  became  possible,  by  reasoning,  to 
deduce  some  of  tlic  circumslances  relating  to  tlic  planetary 
moUons  which  were  inappreciable  by  the  instruments  employed, 
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or  which,  otherwise,  would  have  remained  for  ages  andiscorerod 
Ly  obsenation. 

The  gcntTal  motion  of  the  celestial  bodies  about  the  eartl^ 
Itoui  east  to  west,  it  would,  immediately,  be  attempted  to  explain 
by  supposing  them  to  be  attached  to  the  concave  surface  of  ft 
hollow  sphere  which,  being  endowed  wilh  that  movement  of 
revolution,  would,  consequently,  carry  all  those  bodies  along 
witli  it ;  but  the  movements  of  the  planets  being  found  to  be 
variable  in  velocity  and  direction,  it  would  be  necessary 
suppose  them  independent  of  the  sphere  of  the  inerralic  slars 
and,  either  to  move  by  themselves  in  free  space,  or  each  of  them 
to  be  attached  to  a  separate  sphere  by  whose  motion  it  might  bft 
conveyed  about  the  earth ;  the  latter  snpposi^on  seems  lo  havs 
been  immediately  preferred,  probably  because  no  satisfacloiy 
reason  could,  at  first,  be  assigned  why,  if  left  to  ihcroselves,  tliey 
should  not  fall  from  their  places,  agreeably  to  what 
constantlj'  observed  of  bodies  near  tlic  earth's  surface  when  left 
without  support. 

But  wlietlier  attached  to  spheres  or  not,  the  phenomena  of 
the  movements  of  the  superior  planets  might,  naturally  eiioii^ 
lead  to  the  opinion  that  these  movements  were  performed  about 
the  earth  in  orbits  which  were  perfectly  or  nearly  circidarfTd 
because,  at  different  times,  they  ajipear  to  be  in  every  diflerenCJ 
part  of  the  circumference  of  an  imaginary'  circle  in  the  hearei 
Now  llie  first  opinions  of  men  concerning  the  heavenly  bodiaft 
seem  to  have  been  drawn  from  a  supposed  perfection  in  all  Lhcir 
qualities  rather  than  from  observation  of  their  phenomena,  and 
it  became  an  established  point  that  the  movements  must 
performed  in  orbits  correctly  circular,  and  wilh  uniform  velocitiM( 
hence,  from  the  obBerve<l  variability  of  the  planets'  motions, 
was  early  concluded  that  llie  circular  orbits  cotdd  not 
concentric  with,  tliongh  they  were  supposed  to  enclose  the  eaitb) 
for  by  making  an  orbit  eccentric,  it  is  evident  that  a  bod^ 
really  moving  with  a  uniform  angular  motion  alwut  tlie  centre^, 
would  appear  lo  move  fat>tcr,  when  in  that  part  of  the  orbit  wiiidk' 
is  nearer  the  spectator,  and  slower,  when  in  that  more  remote 
than  tlio  point  of  mean  dititancc  from  him.  The  changes  in  ihiB 
apparent  movements  of  tlie  planets  from  direct  lo  retrograde, 
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and  tLe  coiitrarj-,  did  not,  perhaps,  for  some  lime  excite  attention. 
The  opinion  that  the  real  velocities  of  the  planets  were  uniform 
must  have  had  its  supporters  as  late  as  tlie  lime  of  Pliny,  for 
that  ^stinguishcd  philosopher  observes  *  that  the  planets  appear 
to  move  slowest  when  in  the  highest  circuit  [in  apogeo],  not 
because  tlierc  is  any  acceleration  or  retardation  of  their  true 
motions,  which  are  uniform  for  each  planet,  but  because,  at 
diflereut  (listaiices  from  the  centre  of  obser\'ation,  unequal 
angular  movements  are  described  by  the  radii  drawn  to  the 
planet 

Now,  with  respect  to  the  inferior  planets,  tlie  fact  that  they 
never  deviate  beyond  a  certain  distance  from  the  smi,  and  that 
ihey  alternately  approach  to,  and  recede  from  Mm,  might  be 
supposed  to  afford  an  argument  Uiat  their  movements  depended, 
in  some  measure,  on  that  luminary ;  and  could  the  phases  the 
inferior  planets  present  to  a  spectator  on  the  earth,  and  their 
tiansits  over  the  sihi's  disc,  have  been  seen  without  Uic  aid  of  a 
teleecopc,  the  former,  from  their  resemblance  to  the  phases  of 
the  moon,  and  the  latter,  from  their  occurrence  between  the 
disappearance  of  the  planets  in  tlie  sun's  light  at  his  rising, 
and  their  emergence  from  thence  after  sun-set,  would,  at  once, 
have  led  to  tlie  discovery  that  those  planets  revolve  about  the 
Sim;  but  this  being  impossible,  it  is  less  surprising  that  tlie  true 
nature  of  their  movemtfnts  should  have  been  mistaken  or  quite 
nnfcnown.  Any  observations  made  by  the  naked  eye  would  he 
insufficient  to  determine  whether  the  movements  were  rectilinear 
or  circular  with  respect  to  the  sun ;  and,  if  a  circular  movement 
wtre  supposed,  it  would  be  still  uncertain  whether  the  sun  was, 
or  was  not,  included  witliin  tlie  orbits ;  but,  admitting  that  the 
inferior  planets  revolved  about  tlie  earth,  it  must  have  been 
obvious  that  they  were  carried  with  the  suu  in  his  annual 
course ;  and  this  appearance  probably  led  to  the  opinion  of  the 
motion  of  the  planets  in  epicycles,  which  afterwards  became  so 
general. 

It  was  impossible  for  the  abcients  to  have  any  proof  of  the 
different  distances  of  the  planets  fitim  the  earth,  except  such  as 
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might  be  obtained  from  the  difference  in  Uio  degrees  of  their'] 
brightness,  or  of  tlieir  apparent  Tclocilies  about  the  earth  ;  having  J 
adopted  the  principle  that  the  paths  of  all  the  celestial  bodies  J 
were  circular,  and  their  tnie  movements  uniform  and  equal,  it  1 
would  seem  to  follow  that  those  which  had  tlie  slowest  motion*  I 
were  the  most  remote.  The  ancients  invariably  arranged  th«  i 
superior  planets  in  the  same  order.  Saturn  was  supposed  to  bal 
on  the  exterior,  then  followed  Jupiter  and  Mars,  in  successicm  j 
towards  the  earth,  which  was  placed  in  the  centre  of  the  system;  1 
tliey  all  agree,  likewise,  in  considering  that  the  sun  and  mooD  I 
revolved  with  the  other  planets  about  the  earth  in  orbits  withija  I 
tliat  of  Mars,  and  tliat  the  moon's  orbit  was  the  nearest  to  tb«  I 
eartli.  But  a  difference  of  opinion  existed  among  the  ancientt  1 
about  the  disposition  of  Venus  and  Mercury;  according  to  I 
Achilles  Tatius*,  some  of  them  placed  tlie  sun  between  tha% 
^hcres  of  those  planets,  but,  he  observes'',  the  Eg^-plians  placed  1 
the  latter  between  the  spheres  of  Mars  and  the  sun,  probabljl 
because  Venus  and  Mercury  were  never  seen  to  pass  over  the  I 
eun's  disc,  and  they  supposed  the  fonner  to  be  nearer  the  cartli  1 
than  the  latter  perhaps  because  it  appears  brighter;  this  diA<1 
position  was  adopted  by  Plato  and  is  mentioned  in  his  dialoguaJ 
Timffius:  on  the  other  hand,  in  the  system  of  the  lat^r  Greeks,  an^  J 
as  Alpetragius  states,  in  those  of  the  Babylonians  and  HindiU^  1 
tJie  orbits  of  Venus  and  Mercury  are  ]ilaeed  between  those  offl 
the  sun  and  moon ;  that  of  Mercury  Iteing  nearest  to  tlte  mooi 
or  earth  because  his  conjunctions  with  the  sun  occur  moid  J 
frequently  than  those  of  Venus. 
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UelCrmlnBiiona  of  the  solsr  and  lunar  yeari.— Pruliabilily  ihac  the  Sothaic 
period  iraa  med  hy  ihe  Egj-ptiam.-The  Feniui  cycle.— Powibility  ih«t 
the  K^yptiBtii  had  diicovered  the  muvimicnl  of  the  equinoctial  pointi.^ 
Tlie  commencemeiit  of  the  year  wsi  vuriable  among  the  andenu.— The 
Eg^'ptiui  igricutlural  year  regulated  by  the  heliara!  rising  of  Siriui. — The 
Chaldean  cyde*. — Ancient  planetary  cycl««. — The  restitutioni  at  the  moon's 
inequalitin  of  movement  supposed  to  have  been  ItnowD  to  the  Chaldeaoi 

and  Hindua The  andent  manner  of  detcnnining  the  mooa'i  periodical 

rerolullona. 

The  manner  in  which  tlie  ancient  Ef^ptians  and  Chaldeans 
determined  the  length  of  the  year  is  doubtful,  but  there  are  two 
raetlioila  capable,  as  we  have  shewn,  of  affording  an  approxi- 
mation to  it,  and  either  of  them  might  have  been  adopted  in 
the  infancy  of  astronomy ;  these  are  the  heliacal  risings  of  star* 
and  the  lengths  of  tlie  shadows  of  a  g^iomon.  The  interval 
between  two  heliacal  risings  of  any  star  would  include  a  period 
nearly  equal  to  that  which  is  known  by  the  name  of  the  sidereal 
year;  and  that  between  the  days  of  the  two  longest  or  two 
shortest  shadows,  which  indicate  the  days  of  the  winter  and 
summer  solstice  respectively,  would  give  tlie  length  of  the 
tropical  year.  If  we  are  not  allowed  to  suppose  that  a  gnomon 
was  used  for  the  purpose  of  ascertaining  the  tropical  year,  or 
that  on  which  the  seasons  depend,  we  may  remark  that  the  same 
could  be  rudely  determined  as  soon  as  men  had  learned  to  trace 
a  meridian  line,  or  one  at  right  angles  to  it;  for,  by  simply 
looking,  at  morning  and  evening,  in  the  latter  direction,  the  days 
of  the  vernal  and  autumnal  equinox  would  be  known  since,  then, 
the  8tm  rises  and  sets  precisely  in  the  eastern  and  western  points 
of  the  horizon.  It  has  been  supposed  that  tlie  faces  of  the 
Pyramids  of  Egj'pt  had  their  particular  directions  in  order  to 
allow  this  kind  of  observation  ;  and  M.  Biot  remarks  *,  that  two 
of  the  faces  of  the  temple  at  Dcnderah  were  (Usposed  so  that  the 
*  Recherche^  mr  rAatronooiie  Ej^jptieune. 
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horizontal  lines  passing  along  the  foot  of  their  walls  tendi 
soiithwarcl  of  cast  and  nortliward  of  west  about  as  mncli  as  th»' 
amplitude  of  the  sun  at  rising  and  selling  on  the  days  of 
winter  and  summer   solstice  respecUTclj ;   cousoquently  llii 
days  might  be  found  and,  from  thence,  the  length  of  tJie  y 
by  simply  directing  the  sight  in  a  line  parallel  to  the  same  fai 
This  method  of  determining  the  year  is  by  Simplicius  ',  expressiji 
stated  to  have  been  practised ;  and  it  is  probable  thai  it  gai 
rise  to  the  formation  of  a^  year  of  six  months,  which  watt 
used  by  tlie  Carians  and  Acamanians,  and  in  which  as  C< 
sorinus   observes"   the   days   increased   during   one  year   and 
decreased  during  the  next,  alternately ;  for  such  would  be  thM 
case  if  tlie  first  year  was  made  to  commence  at  midwinter,  and! 
the  other  at  midsummer.     The  difference  between  the  sidei 
and  tropical  year  being  only  about  twenty  minutes,  by  whii 
the  former  exceeds  the  latter,  on  account  of  the  retro gradatioB. 
of  the  c<]uinocUal  points,  would  be  long  imperceptible  Irom  lhi> 
uncertainty  of  the  tlay  on  which  any  star  first  rises  heliacaliy 
and  the  uncertainty  of  the  precise  moment  when  the  shadow  <ti 
tiie  gnomon  is  tlie  longest  or  shortest. 

By   the  testimoiij-  of  Diodorus  Siculus  *   the  year  of 
Chaldeans  and  Egjplians  ori^nally  consisted  of  thirty  days; 
must,  therefore,  have  been  formed  by  taking  that  nimiber  (rfj 
days  as  a  lunar  period,  or  iutenal   between   two   consccntiv0] 
changes  of  the  moon  ;  and  this  writer,  in  tlic  some  book,  assigai' 
to  the  latter  people  the  honoitr  of  rcgidatlng  the  year,  subsAaj 
cjucully,  by  the  euh  instead  of  the  moon ;  he  alleges  that  th< 
made  the  solar  year  consist  of  twelve  months,  of  thirty  days  cacl 
and  a<tdcd  five  days  and  a  quarter  after  each  twclftli  uioutli 
complete  the  circuit.     But  it  seems  as  if  a  year  of  3G0  days  only, 
was,  for  a  certain  time,  used  in  Egj-pl  and,  as  it  is  not  likely 
that  an  error  of  five  days  should  have  been  made  hi  determining 
the   length  of  tlie  solar  year   by  any  of  the   methods  above 
mentioned,   we   can   only   imagine    that    such    a    lengtli 
purposely  chosen  for  the  sake  of  the  round  number.    Tlie  s 
said  by  Mauctlio  to  have  been  the  sou   of  N'ulcan  and  llie 


'  De  Die  nauli,  ca|i.  18. 
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vcntor  of  fire ;  he  married  Rhea  and,  having  discovered  her 
inJidelitj,  condeiuiie<l  her  lo  bfar  no  uffspring  on  any  day  oi 
nij^ht  of  the  360  whit h  then  constituted  the  year*:  and  the 
following  remarkable  ntory  is  related  by  Plutarch "  concerning 
the  introduction  of  the  ejiagomerat  or  additional  days.  Mercury, 
he  sayn,  engaged  himself,  in  a  contest  at  (bee,  with  the  moon,  in 
order  to  gain  time  for  the  birth  of  Rhea's  children,  and  evade 
her  husband's  curse ;  being  victor,  lie  took  off  ^tli  from  each 
day,  and  of  these  portions  made  five  whole  days,  which  he 
added  to  tlic  360  jirovionsly  composing  the  year.  It  is  said  that 
Osiris  was  bom  on  the  first  supplementary  day,  and  Typhon  on 
the  tliird.  The  fable  will,  at  least,  sen'e  to  prove  the  fact,  that 
tlie  year  of  3B5  days  was  an  improvement  subsequently  mad© 
npon  that  which  had  been  more  anciently  used. 

But  it  was  not  in  Egypt  alone  that  the  year  of  3(>0  days  waa 
in  use,  for  Diodoms  Sicnlus  alleges*  that,  among  the  Chaldeans, 
it  succeeded  lo  the  lunar  year  of  thirty  days,  and  M.  Bailly  sup- 
poses that  tJieir  knowledge  of  it  was  acquired  in  the  reign  of 
Evechous,  tlie  first  king  of  Babylon,  who,  he  thinks,  was  con- 
temporary with  an  ancient  Zoroaster,  and  lived  in  the  year 
2459  Before  Christ.  Diodbnis  adds  that  33,583  years  of  the 
fonner  kind  are  equal  to  403,000  years  of  tlie  latter  kind,  and 
tlie  expression  of  tltese  periods  by  such  high  numbers,  when 
the  ratio  of  I  to  1*2  would  have  been  quite  as  accurate,  scents  to 
indicate  that  the  writer  liad  in  view  some  epoch,  real  or  ima- 
ginary, which  entered  into  the  astronomy  or  clironology  of  tliat 
people,  'riial  the  Egyptian  year  of  365  days  was  introduced 
into  tliat  country  before  tlie  time  of  Alexander  is  proved  from  a 
passage  in  Quintus  Curtins,  where  the  march  of  the  Persian 
anny  is  thus  described ''.  "  Patrio  more  Pcrsarum  traditum  est, 
orto  solo  demum  procedere.  Die  jam  illustri,  signum  e  taber- 
naculo  regis  buccina  dabatur ;  super  tabemaculum,  mide  ab 
omnibus  conspici  posset,  imago  solis  crj-slallo  inclusa  fulgebat 
Ordo  aulem  agmiuis  erat  talis :  Ignis,  qiiem  ipsi  '  sacrum 
'  aslemum '  vocabant,  argenleis  altaribus  prajfercbatur.  Magi 
proximi  patriiim  carmen  canebant.   Magos  frecenli  el  gexni/iiita 

'  EuneWi  Clironki  pan  I.  '  Dc  liide  rt  Ouride. 

°  BibL  Ui>t.  IdU  I.  '  De  Rcbiu  Gesti*  AlexMidri,  Lib.  lit.  cap.  S,    I 
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quinque  juvcnca  scquebantur,  puniceis  amiculis  velati,  diebus 
tolius  anni  pares  numero:  quippe  Per»is  quoqae  in  tatidem 
dies  descriptus  est  annvs.  Cumim  dcindc  JoH  sacratum  al- 
bciites  vebebant  cqui :  hos  eximiu;  magniludiDis  'equus,'  qiu 
'suits'  appellabaot,  scqucbatur:  aurea^  virga:  et  alba:  vostes  i 
(^ntes  equos  adomabant." 

It  is  probable  that,  origiually,  the  Greeks  considered  a 
Dodical  revolution  of  the  moon  as  one  year,  and  tlial  ibcy,  i 
ward,  formed  periods  of  time  consisting  of  three  months  eack.1 
Ccnsorinus*  relates  this  circumstance,  and  adds  that  tlie  Av-I 
cadjans  had  acquired  tlte  denomination  of  Proselenas;  not,  s^vfl 
ho,  because  it  was  8U|3poBed  that  they  were  a  nation  bcfor 
tlie  moon  became  a  star  in  the  heavens,  but  because  they,  first,  a 
Greece,  used  a  year  which  was  determined  by  the  course  i 
tliat  luminary.    The  year  of  SCO  days  appears  also  to  have  bceDI 
in  use  among  the  Greeks,  since  Ilesiod  affirms  the  fact" 
mentions  a  division  of  it  into  twelve  months.     Tliis  pcopI%l 
however,  subsequently  adopted  a  lunar  year  of  354  days,  (U~l 
vided,   also,   into   twelve  months,  but  tliey  long  persisted  i 
the   imperfect   practice   of  considering    each   month   to   have  1 
29   days,   and   of  intercalating  a  month  e>ery  alternate  year  j 
in  Older  to  make  tlicir  civU  reckoning  correspond  nearly  with  I 
the  solar  period  ;  a  nietliod  alluded  to  by  Diodorus,  in  his  £ 
book.     But  tlie  defects  of  this  method  soon  becoming  sensibl%,l 
Solon  abandoned  the  intercalation,  retaining  only  the  simpJaf 
lunar  year  and  regulating  that  the  twelve  months  should,  i 
tcmalely,  consist  of  thirty  days  and  twenty-nine  days.     Thai 
tropical  year,  however,  was,  at  lengtli,  introduced  into  Greec^  I 
from  Egypt ;  for  Strabo  =  relates  that  Plato  and  Endoxus  had  1 
resided  thirteen  years  at  Ileliopolis,  where  they  learned  from  1 
the  priests  of  tlic  coiuitry  what  portion  of  a  day  was  to  be  T 
added  to  3<f5  days  in  order  to  complete  llie  solar  year ;  which  l 
was,  as  he  alleges,  till  then,  imknown  to  the  Gnieks.    Now,  as  the  I 
latter  people,  from  the  time  that  Uiey  nscd  that  kind  of  year, 
always,  in  their  civil  accounts  of  time,  supposed  it  to  consist  of  | 
305J  days,  it  will  follow,  either  that  the  Kgyjitions  did  not 


*  Do  Die  Naulj,  raji.  IC. 
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coniTnnnicate  a  more  accurate  knowledge  of  the  length  of  the 
year,  or  that,  if  they  did  ko,  no  public  use  was  made  of  it  in 
Greece.  Pliny  stales "  that,  according  to  the  Kgyptians,  tlie 
solar  year  was  rendered  complete  in  a  jieriod  of  four  years,  and 
that  this  period  produced  the  return  of  the  ninds  and  bad 
weather  to  the  same  days;  alluding,  no  doubt,  to  its  advantages 
over  the  annus  i\igiis,  or  sacred  year,  wliich  consisted  of  365 
days  without  a  iraction.  He  observes,  also,  tliat  the  jieriod  of 
four  years,  when  introduced  into  Greece,  had  the  name  of  the 
Tetraifteris  of  Eudoxus,  and  this  philosopher  may,  therefore,  be 
supposed  to  have  brought  it  from  Egypt,  The  Egyptians  them- 
selves, ascribe  the  discovery  of  the  additional  quarter  of  a  day> 
as  well  as  most  of  Uieir  improvements  in  the  sciences,  to  one  of 
tlidr  Ilennes.  But,  according  to  Geminiis '',  Uicy  designedly 
used  a  year  of  36.5  days  without  a  fraction,  in  order  that  their 
religious  festivals  might  not  be  frxed  to  one  season  of  the  year. 
This  writer  alleges  that  it  was  a  common  error  among  the 
Greeks  to  suppose  that  the  festival  of  Isis  happened  always  at 
llie  winter  solstice  ;  this,  he  says,  was  true  120  years  before  his 
time ;  but  he  observes  tliat  it  now  takes  place  about  a  month 
carUer,  and  as  Geminus  lived  about  77  years  n.  C,  it  is  evident 
that  the  period  at  which  the  festival  so  occurred  must  have  been 
nearly  200  years  B,  c.  Formerly,  he  adds,  on  the  authority  of  a 
conunentaiy  on  the  Octaeterides,  or  cycles  of  eight  years,  as- 
cribed to  Eratosthenes,  the  same  festival  was  celebrated  as  early 
as  the  summer  solstice :  and  as  the  quarter  of  a  day,  by  which 
tlie  Julian  year  exceeds  that  of  the  Egyptians,  will  amount  to 
half  a  year  in  730  years  of  tlte  latter  kind,  it  is  evident  that  the 
epoch  alluded  to  by  Eratostlienes  must  have  been  about  the  year 
930  B.  c.  or  at  a  period  earher  either  by  1400  years  or  by  some 
multiple  of  that  number  of  years.  The  ancient  Hindus  used 
both  a  solar  and  a  lunar  year,  and  they  considered  eacli  to  he 
divided  into  360  parts  called  days  ;  but  these  appear  to  have 
been  fictitious,  and  used  only  for  tlie  purpose  of  Ikeihtating 
certain  astronomical  computations:  it  is  probable  tlierefore  that 
such  a  division  was  not  made  by  that  people  till  the  sciwice 

■  Nat.  Hist.  Lib.  11.  mp.  17. 
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was  Eo  far  advanced  among  tlietn  that  it  became  necessar}' 
bai'o  recourse  to  it  for  the  puipose  of  simplifying;  the  nUes 
which  the  timoe  of  celestial  phenomena  were  computed. 

Whether  the  Egyptians  deti-nnined  the  length  of  lie  year  by 
the  heliacal  risings  of  stars,  or  by  the  occurrence  of  the  equi- 
noxes or  solstices  ;  while  they  continued  to  use  that  which  waa 
denominated  the  sacred  year,  and  consisted  of  3C5  days,  ihey 
could  not  avoid  observing,  at  tlic  end  of  a  certain  nimibcT  of 
such  years,  tliat  their  festivals  ceased  to  fall  in  the  same  season 
as  that  ill  which  tlicy  were  at  first  celebrated ;  in  fact,  in 
yeafs,  any  rehgious  or  other  rite  which  waa  appointed  to 
place  on  a  certain  day,  suppose   that  of  midsummer,  woi 
anlici]>atG  tlic  season  by  about  three  moutlis.  and 
actually  occur  at  the  beginning  of  the  spring  tjuarter ;  and,  nnce 
360  years  ore  to  three  months,  as  one  year  is  to  a  quarter  of  a 
day,  this  people  might  find  that  tlie  length  of  tlie  year  ought  to 
bo  equal  to  about  3Wfi^  days,  in  order  to  make  ihcir  calendtf 
accord  with  Hie  seasons,  wliich,  tliough  of  liltlc  moment  in 
arbitrsry  regulation  of  religious  ceremonies,  must  have  be 
always  of  the  utmost  importance  for  civil  puqioses.     Sinec 
1480  years  of  365j  days,  each,  are  equal  lo  1461  years  of 
days  each,  it  will  be  easy  to  perceive  that  at  the  end  of  141 
years,  the  festivals  of  the  sacred  year  would  reUini  to  the 
seasons  as  at  the  commencement.  This  forms,  in  all  probabilit] 
what  was  called  the  sothaic  or  canicular  period  ;  the  knowledf 
of  which  cannot  be  denied  to  the  Egyptians ;  and  attempts  hai 
been  lately  made  to  ascertain  the  age  in  which  the  period 
introduced  among  that  jieopio  ;  tlie  enquiry  is  interesting,  but, 
from  the  account  we  arc  about  to  give  of  the  foundations  on 
w  hich  it  rests,  it  will  be  perceived  Uiat  no  satisfactory  cimclusioa 
concerning  it  has  Imjcu  nbt^ued. 

The  late  discoveries  of  M.  Champollion  have  sheivn  tliat 
ancient  Egyjttians  commenced  their  ciiil,  or  agricultural  y< 
u-ith  the  season  for  sowing  com ;  that  is  immediately  after 
subsidence  of  tlie  Nile,  and  wliile  the  ground  was  yet  moit 
from  the  action  of  the  waters.     Now  as  tlie  rising  of  the  rii 
depends  on  the  rains  which  fall  regidarly,  in    Abyssini 
the  summer,  commencing  invariably  with  tlie  summer  soUUi 
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anil  altainhig  iU  hi^liest  elevation  m  about  one  hundred  days ; 
it  is  evident  that  the  civil  year  must  have  been  the  same  as  that 
which  is  called  the  tropica!  year;  that  is,  it  must  have  consisted 
of  about  3G5J  days:  this  period  the  Egj-ptians  divided  into 
three  parts  which  were  represented  by  Bymbols  illustrative  of  ' 
the  periods  of  vegetation,  harvest  and  inundation;  each  of  the 
two  first  periods  comprehended  120  days,  and  the  third,  125j 
days,  of  whicli  the  five  last  were  the  epagoniena;  or  supple- 
mentary days;  and  M.  ChampoUiou,  therefore,  considers  tliat 
the  beginning  of  tlie  civil  year  was  fixed  at  the  one  hundred 
and  twenty-fifth  day  after  Uie  summer  solstice.  But  the  sacred 
year  of  the  Egj'plians,  as  we  have  said,  consisted  of  365  days 
only;  its  commencement  was,  consequently,  variable,  retro- 
grading regularly  about  one  day  in  every  four  years ;  and  if  we 
suppose  that,  at  the  introduction  of  the  sacred  year,  its  com- 
mencement coincided  with  tliat  of  tlie  agricultural  year,  it  would 
foUow  that  a  like  coincidence  could  only  again  occur  at  Uie  end 
of  every  period  of  1480  tropical  years,  supposing  with  the 
Egyptians,  each  of  the  latter  to  be  exactly  e'lual  to  363^  days : 
or  at  the  end  of  every  period  of  1506  years,  if  we  make  tlie 
length  of  the  tropical  year  equal  to  what  is  now  known  to  be  its 
true  value. 

M.  Champollion,  in  attempting  to  find  tlie  lime  when  the 
sacred  year  was  introduced,  sets  out  by  assuming  the  well  known 
fact,  that  in  tho  twenty- fourth  year  before  the  commencement  of 
our  era,  when  Augustus  altered  the  Egyptian  calendar,  and  put 
an  end  to  that  mode  of  reckoning  time,  tlie  fii'st  day  of  the 
mouth  'ITioth,  that  is,  of  tlie  sacred  year,  coincided,  according  to 
the  Julian  calendar,  witli  the  29th  day  of  August  whicli  was 
then  sixty-five  days  after  the  day  of  the  summer  solstice  [Jm 
25] ;  then,  on  account  of  the  12  minutes  by  which  the  Jnlinn 
year  exceeds  the  length  of  the  tropical  year,  and  which  causes 
the  day  of  tho  equiuox  or  solstice,  in  times  posterior  to  tlie 
introduction  of  tho  Julian  calendar,  to  retrograde  about  one  day 
in  120  years,  it  is  erident  that,  in  the  year  275  B.c,  the  summer 
solstice  must  liavc  occurred  on  the  27lh  day  of  June,  and  he 
computes  tliat,  at  this  epoch,  the  first  day  of  the  sacred  year 
must  have  coincided  with  the  Slst  day  of  October,  which  is  just 
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1*25  days  aArr  the  solstice ;  and,  consequently,  was  the  first 
of  the  agricultural  year.  If,  therefore,  he  observes,  tlie  iiil 
duclion  took  place  at  the  epoch  of  u  coincidence  of  the  two  kiui 
of  year ;  and,  if  wc  suppose  that  the  intenals  of  the  coincident 
arc,  each,  equal  to  ISOti  years,  wc  should  have,  for  the  preci 
epochs  of  coincidence,  the  years  Before  Chri&t  1780,3285,471 
&c.  respectively. 

Censorinus  however  asserts*  that  the  first  year  of  one  of 
Botliaic  periods  fell  juet  one  hundred  years  before  that  in  whi< 
he  wrote,  and  which  he  designates  as  the  year  986  of  Nubonai 
[A.n.  230] ;  so  that  llie  coiumencemenl  of  a  period  must  1iai 
coincided  with  the  year  139  of  our  era;  and  he  adds  that, 
the  latter  epoch,  on  tlic  tweltUi  day  of  the  kalends  of  Au; 
[July  20],  the  first  day  of  the  sacred  or  variable  year  (tb«l 
memory  of  which  seems  to  have  been  retained  in  Egypt  thou| 
its  use  was  abolished  by  law)  was  coincident  with  the  day  oAj 
which  Siritis  rose  heliacally  in  that  country ;  and,  in  fact,  it 
found  by  calculation  that  the  phenomena  actually  took  place 
Egypt,  in  that  year,  about  the  day  sixicified ;  that  is,  twenty-sevt 
days  afler  the  sumjner  solstice ;  lliercfure,  if  we  suppose  that  lh« 
uitcn'al  between  two  consecutive  heliacal  risings  of  that  star  was 
then  exactly  equal  to  3651  diysj  which  M.  Biot  proves  to  hare 
been  very  nearly  true  between  the  years  2000  and  3000  Before 
Christ ;  and  that,  consequently,  the  sothaic  period,  determined 
by  the  returns  of  tlie  hohacal  rising  of  the  star  to  tlic  same  d&j 
of  tlie  annus  vagus,  was  equal   lo   1-JOO  years  j  by  rcckt 
backward  we  should  have  the  years  Before  Christ  1321. 
4241,  &c.  respectively,  for  the  previous  epochs  at  which  the 
coincidence  took  place ;  and  one  of  tliese  is  imagined  to 
been  the  epoch  of  the  first  introduction  of  that  kind 

But  it  has  been  supjjosed,  and  the  opinion  is  founded  on  a 
passage  in  the  Scholiast  on  Aratus,  probably  Tlicon  of  Alexandria, 
tliat  the  commencement  of  the  agricultiu^,  or,  as  it  was  also 
called,  the  canicular  year,  was  coincident,  in  time,  with  the 
heliacal  rising  of  Sirius ;  and,  according  to  Diodorus  Siculus,  the 
Egyptian  priests  had  a  tradition  tliat  the  rising  uf  the  Nile  wu 
originally  coincident  with  the  same  celestial  phcuomeuon. 
■  D*  Hit  Natal),  cap.  17. 
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if  the  day  be  that  on  which  the  increaso  in  the  height  of  the 
waters  is  first  perceived  ;  Uiat  is  the  day  of  the  summer  solstice; 
it  would  follow  that  the  agricultural  year  commeuced  at  mid- 
suinincr :  and,  adopting  the  data  afforded  by  Censorinus,  we 
should  find  that  the  coincidences  of  the  first  day  of  the  annus 
rat/us  with  that  of  the  former  year,  so  commencing,  would  be  in 
A.n.  31,  and  in  the  years  Before  Christ  1475,  2981,  &c.  which 
agree  witli  neither  of  the  otlier  epochs  :  we  are,  therefore,  left  to 
make  our  choice  among  them  for  the  time  at  which  the  sacrod 
year  was  introduced  into  Egypt,  without  a  single  condition 
to  determine  our  opinion  in  favour  of  either. 

Several  c ire lun stances  conspire  to  render  all  these  determina- 
tions unsatisfactory ;  for,  besides  the  absence  of  all  proof  that  the 
coincidence  above  mentioned  was  coeval  with  Uie  establishment 
of  the  Egyptian  calendar,  tlie  heliacal  rising  of  a  star  and  the 
first  perceptible  rise  of  the  Nile  are  uncert^n  within  several 
days,  by  which  the  epoch  founded   on  cither  event  is  also 
rendered  uncertain  to  tlie  amount  of  as  many  himdred  years :  the 
lengtli  of  the  agricultural  year  is  also  undetermined  and  con- 
sequently the  sothaic  period  itself  is  susceptible  of  dtfierent 
values ;  if  the  year  was  made  to  depend  on  the  rising  of  tbo 
Nile,  it  must  have  been  strictly  tropical;  if  on  tlie  heliacal        ^^ 
risings,  it  must  have  been  exactly  equal  to  365^  days,  and  no       ^^ 
one  can  say  by  which  of  these  circumstances  its  length  was       ^| 
regulated ;  it  is  certain,  moreover,  that  the  ancient  Egyptians        ^^ 
made  no  distinction  between  the  tropical  and  canicular  years, 
and  that  they  were  not  even  aware  of  tlie   difference  between 
them. 

The  Scholiast  on  Aratus  connects  with  his  remark  that  the 
origin  of  the  canicular  year  was  coincident  with  the  heliacal 
rising  of  Sirius,  two  adiUtional  circumstances,  the  uverfiowing  of 
the  Nile  and  the  presence  of  tlie  sun  with  tlie  xlar  Leo ;  either 
mooning  that  the  sun  was  merely  somewhere  in  the  constellation         ^^ 
bearing  that  name,  or,  in  conjunction  with  llegulus,tlie  principal        ^H 
I         star  in  it.     Now  we  find  by  computation  that,  about  the  year        ^H 
2500  Before  Christ,  Sinus  rose  hehacally  precisely  on  the  day        ^H 
of  tile  summer  solstice,  and  tliat  the  longitude  of  Sinus  was  then        ^^ 
.         41°  SV,  which  is  less  than  the  longitude  uf  the  sun  by  48"  SO*;        H 
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the  sun  must  therefore,  at  that  epoch,  have  been  situated  near 
the  middle  point  of  the  constellation,  and  have  been  neadj  in 
conjunction  with  Regulus ;  and  it  is,  probably,  from  this  circum- 
stance, and  because  the  i^Jtar  lies  nearly  in  the  sun^s  path,  that  it 
was  distinguished  by  the  epithet  royal. 

In  all  the  period  between  about  the  year  4000  b.  c.  and  the 
age  of  Theon,  the  sun  must  have  been  in  the  constellation  Leo 
at  the  time  of  the  heliacal  rising  of  Sinus ;  but  the  connexion  of 
the  latter  phenomenon  with  the  rising  of  the  Nile  cannot  be 
supposed  to  have  been  observed  earlier  than  2500  years  Before 
Christ,  when  the  rising  of  the  star  took  place  on  the  day  of  the 
solstice ;  since,  the  elevation  of  the  waters  not  being  great 
enough  to  attract  general  notice  till  after  that  day,  it  is  not  likely 
that  tlie  elevation  should,  when  first  observed,  have  been  sus- 
pected to  depend  in  any  manner  on  the  rising  of  the  star ;  and 
it  may  be  rather  supposed  that  such  dependence  woidd  not  be 
noticed  till  a  later  age,  when,  on  the  first  appearance  of  the  star 
in  the  evening,  the  waters  had  attained  a  perceptible  height ; 
and  when,  consequently,  the  people  of  the  country  might  con- 
sider the  two  circumstances  to  stand  to  each  otlier  in  the  re- 
lation of  cause  and  effect,  and  thus  be  led  to  give  to  the  agri- 
cultural year  a  designation  drawn  from  the  name  of  the  star. 
Tlio  fixation  of  the  commencement  of  the  agricultural  year  to 
the  day  of  the  solstice,  or,  as  ChampolUon  supposes,  to  the 
hundred  and  twenty-fifth  day  after  it,  may  have  taken  place  as 
soon  as  the  Egyptians  applied  themselves  to  the  cultivation  of 
tlio  ground,  and  long  before  the  rising  of  Sirius  was  regarded ; 
but  the  first  use  of  the  annus  vagus  if  it  be  supposed  to  be  con- 
nected with  this  phenomenon,  cannot  be  dated  from  a  period 
more  remote  than  the  year  1321,  or  1475,  b.  c.  reckoning  back- 
ward from  the  coincidences  mentioned  by  Censorinus ;  or  than 
the  year  1780  b.  c.  if  we  adopt  the  hypothesis  of  ChampoUion. 

It  nmst  be  admitted  also,  that  there  is  no  direct  proof,  in  any 
author  who  lived  before  the  commencement  of  our  era,  that  the 
£g}'l)tians  paid  any  attention  to  the  sothaic  period,  but  the 
allusions  made  to  it  by  subsequent  writers  leave  little  doubt  of 
the  fact.      'ITic  fable  mentioned  by  Tacitus'  concerning   the 

*  Taciti  Annalium  Lib.  VI.  cap.  2a 
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phtBnix,  which  was  supposed  to  rise  &om  its  ashes  at  the  end 
of  IJfil  years,  seems  to  lie  an  allegory  intended  to  express  the 
duration  of  the  cycle;  and,  besides  the  account  given  by 
Censnrinus  as  above  stated,  the  remark  made  by  St.  Clement  of 
Alexandria,  who  lived  at  the  be^nuing  of  the  third  century, 
that  Moses  was  bom  345  years  before  the  establishment  of  the 
sothaic  period,  implies  that  this  last  had  been  anciently  used  i 
chronology.  According  to  mosi  of  the  commejitators,  the 
Jewish  lawgiver  lived  abont  1570  years  Before  Christ;  therefore, 
if  any  dependence  could  be  placed  on  the  testimony  of  the  al)ove 
mentioned  Father,  it  would  seem  Uiat  the  cjcle  was  institnled 
about  li?25  years  IJefore  Christ.  This  epoch  differs  not  more 
Uian  one  hundred  years  from  one  of  those  which  have  been  in- 
ferred from  the  passage  in  Censoriniis ;  and  the  two  accounts  may 
be  reconciled  by  supposing  that  the  introduction  of  the  cycle 
did  not  tate  jilace  for  many  years  after  the  observed  coincidence 
which  determined  its  commencement.  An  inthrcct  argument  in 
favour  of  those  who  contend  that  the  cycle  was  really  employed 
may  also  be  drawn  from  a  passage  in  the  historian  Syncellus, 
who  lived"  in  tlie  eighth  century :  this  writer,  in  an  extract  from 
tlic  works  of  Julius  Afncanus,  states  that  the  latter  had  copied  a 
relation  given  by  Manelho,  in  a  chronological  work  composed  by 
order  of  Ptolemy  Philadelphus,  and  professing  to  have  been 
taken  from  a  more  ancient  Egyptian  chronicle,  in  which  it  wao 
asserted  that  from  tlie  reign  of  die  sun  to  that  of  Neclaucbus  II. 
lliere  had  elapsed  36,.525  years  ;  and  since  this  number  is  equal, 
as  Syncellus  obsenes,  to  the  product  of  1461  by  25,  or  to  I 
twenty-five  solliaic  periods,  there  seems  reason  to  believe  thai  1 
the  cycle  was  in  use  in,  or  before  the  time  of  Manetho. 

IftJieauthorityofHydeisof  any  weight,  it  would  appear'  that  I 
Jemsehid,  one  of  the  most  ancient  monaichs  of  Persia,  intro- 
duced into  that  countrj',  for  religious  purposes,  a  vague  year  of  1 
365  days  without  fractions,  for  the  same  reason  thai  this  mode  1 
of  reckoning  time  wa«  used  by  the  Egj-jitians:  and  that,  for  tie  ] 
general  use  of  the  people,  he  formed  another  kind  of  year,  whose  1 
commencement  was  to  be  fixed  by  an  embuhsmic  month,  added  ' 

'  Uittoria  IteligiiMiia  Vet.  Penamm,  up.  14. 
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at  the  end  of  every  1 20lJi  year.  TTiat  is,  as  Hyde  explains  it*^ 
iu  a  quotalioti  frum  a  work  of  Malnniid  Shah  Cholgius,  the  yea 
was  supposed  lo  consist  of  365^^  days  and  was  divided  ioU 
twelve  months  of  thirty  days  eacli  witli  5  additional  days ; 
thereniBiningquarterof  adaymaking,  in  1'20  years,  just  30  dayaQ 
or  another  month,  this  was  added  as  an  einbolisinic  month,  by  ' 
reckoning  the  last  of  the  year  twice  over,  at  the  end  of  the  first 
120  years;  at  the  end  of  the  next  120  years,  two  months  were 
added  and  so  on  till  after  1440  calendar  years,  when  twelv«  1 
months  or  one  whole  year  was  reckoned  twice;  and  Urns  144^ 
years  constituted  tlie  peiiod  of  an  intercalation.  Tliis  mannoi 
of  correcting  the  calendar  is  said"  lo  have  continued  till  1 
time  of  Jesdegird ;  after  whose  death  a  new  era  commence 
with  the  year  632  A.c.  and  then,  the  intercalated  month  fell  i 
llie  end  of  the  eighth  month  of  the  Persian  year,  which  yet 
was,  consequently,  the  OCOth  of  one  of  the  above  mentionei 
cycles:  hence'M.  Bailly  concludes',  tliat  the  Persian  mode  < 
intercalation  commenced  cither  in  the  year  329  B.C.  which  mui 
have  been  the  first  year  of  a  cycle,  or  in  a  year  earUcr  by  1441 
years  or  by  some  multiple  of  that  number  of  years';  and  the 
French  astronomer  who,  when  the  probabihlies  arc  equal,  always 
chooses  a  very  ancient  epoch,  supjioses  the  year  3209  b.q.  to  be 
that  of  tlie  introduction  of  the  cycle  and  of  tlie  reign  of  Jemschid, 
tlio  sovereign  to  whom  the  invention  oftliis  mode  of  regulating 
the  calendar  is  ascribed.  We  are  informed  that,  with  the  era  of 
Jesdegird,  a  new  regulation  of  the  solar  year  was  adoptud  in 
Persia,  and  Uiat  its  commencement  was  made  to  coincide  willi 
the  time  when  the  sun  was  in  the  middle  of  the  constellation  | 
Pisces". 

Tlie  length  of  tlie  tropical  year,  or  the  interval  between  tw 
successive  returns  of  tlie  sun  to  the  same  equinoctial  j>oint,  ii 
now  known  lo  have  been,  during  the  existence  of  tlie  Egyiitii 
monarchy,  less  tlian  365^  days  by  about  eleven  minutes  whichfH 
in  about  130  years,  make  one  day ;  and  the  Egyptians,  by  adding 
one  day  at  tlie  end  of  every  four  years,  to  llieir  orif^nul  year  of 
305  dayn.  rendered  their  civil  year  too  long,  so  tliat  at  the  end  . 
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of  130  such  years  from  any  epoch,  there  liad  in  reality  elapsed 
one  day  more  than  130  tropical  years ;  and,  as  the  obserraiions 
of  tlie  limes  of  tlic  eiiuinuxes  by  the  gnomon,  or  ollierwise,  were 
probably,  uncertain  to  half  a  day  only,  it  may 'be  supposed  that 
in  about  300  years,  at  most,  tlie  error  of  their  calendar  would 
become  sensible,  being,  in  tact,  more  than  two  days.  It  is  aJso 
known  that  the  longtli  of  the  sidereal  year,  or  the  intenal  be- 
tween two  successive  returns  of  tlie  sun  to  the  same  fixi^d  star, 
exceeds  363^  days  by  a  little  more  than  nine  minutes,  and  these, 
in  about  130  years,  make  up  one  day,  but  tJie  length  of  the  si- 
dereal year  being  by  the  Egyptians  detennined,  only  by  the 
iiehacal  risings  of  slars,  and  M.  Biot  having  proved  that  between 
the  years  2000  and  3000  B.C.  the  intenal  between  two  consecu- 
tive heliacal  risings  of  a  star  was  305^  days,  or  exactly  the 
length  a.ssigned  by  that  people  to  their  tropical  year;  it  is  evi- 
dent that  they  could  not  have  been  aware  of  any  greater  error 
in  their  calendar  than  Uiat  which  we  have  found  above :  and,  if 
we  are  to  give  them  credit  for  so  much  attention  in  comparing 
thur  measures  of  time,  we  may  suppose  tliat  the  heliacal  rising 
of  any  star  would,  to  them,  appear  to  take  place  every  year  later 
than  in  that  preceding  it,  as  well  with  respect  to  the  civil  as  to 
the  tropical  reckoning,  or  Uiat  tlic  equinoctial  point  would  ap- 
pear to  retrograde  towards  the  sim,  so  that  the  latter  woidd  seem 
lu  arrive  at  the  cfiuinoctial  point  earber,  wilh  respect  to  the  civil 
as  well  as  the  sidereal  reckoning:  and,  taking  the  sun's  move- 
ment in  longitude  at  one  degree  daily,  it  might  appear  that  iJie 
equinoctial  points  had  retrograded  with  respect  to  the  stars,  at 
the  rate  of  about  two  degrees  in  300  years,  or  about  twenty -four 
seconds  of  a  degree  yearly.  But  subsequently  to  the  year  1000 
B.C.,  the  difference  between  the  interval  of  two  heliacal  risings 
of  a  star  and  tlie  period  of  3(i3^  days  became  perceptible,  being 
e([aal  to  about  one  day  in  300  years ;  and,  in  that  age,  the  equi- 
noctial points  may  have  appeared  to  retrograde,  from  tlic  two 
differences,  about  one  degree  in  100  years,  or  thirty-six  seconds 
of  a  degree  annually.  It  is  conceivable,  therefore,  that  this  re- 
Irogradation,  as  Albategnius  and  otlier  Arabian  writers  have 
asserted,  may  liave  been  suspected  by  the  Chaldeans  and 
Egyptians ;  but  the  want  of  precision  in  the  observations  must 
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have  prevented  ritlier  people  from  amTing  at  an  accurate  laiow 
ledge  of  its  amount.  Au  uncertainty  of  lialf  a  day,  in  the  tim 
of  one  of  Uie  two  jibenomena  observed  at  an  interval  of  30 
years,  would  render  llio  determination  erronetius  by  six  secondia 
and  the  Greek  astronomers  varied,  in  Uie  value  they  assi|^ed  b 
the  retrogradation,  between  thirty-six  and  sixty  seconds. 

I  The  seasons  chosen  by  different  people  among  the  ancienlf 

^^  for  the  commencement  of  the  year  were  different,  and  seem  tO 

I  have  been  regulated  by  rural  operations  and  local  circumstances  ~ 

rather  than  by  astronomical  phenomena :  we  have  seen  that,  in 
Egypt,  the  begiuning  of  the  sacred  year  was  variable,  and  that 
of  the  canicular  or  agricultural  year  was  lixed  either  to  the  daj^ 
of  the  summer-solstice  or  to  the  lime  of  sowing  corn.    Accord! 
to  Censorinus',  some  nations  rectoned  the  beginning  of  t 
year  from  the  new  sun,  that  is  from  the  ninter-solstice ;  ma 
from  the  vcmal  or  from  the  autumnal  equinox ;  some  from  tl 
[heliacal]  rising  of  the  Pleiades  and  others  from  thcii  settingn 
he  does  not  say  in  which  of  the  four  seasons  of  the  year  thaJ 
rising  or  setting  of  the  Pleiades  was  supposed  to  hare  tuhenn 
place,  and  M.  JJailly  gratuitously  assumes  that  there  might  be 
some  nations  which  began  the  year  when  that  cluster  of  stars 
so  rose  at  tlie  time  of  the  vernal  equinox,  a  circumstance  which 

I  would  indicate  an  age  as  early  as  3900  years  n.c,  but  it  is  mucbJ 

more  probable  tliat  the  commencement  of  the  year  was  coifl 

I  nected  with  the  rising  of  the  Pleiades  in  one  of  the  two  following  J 

ways ;  eitlier  what  was  denominated  the  beginning  of  the  ye« 
was  only  racant  to  signify  the  time  of  harvest,  which,  accordio 
to  the  precepts  of  He^od  above  quoted,  was  regiUated  by  th&t 
])lietion)enon ;  or  tlie  nations  alluded  to  pursued  a  course  similar 
to  that  which  was  till  lately  adopted  by  the  natives  of  the  islands 
in  the  South  Seas.     "The  two  seasons  of  the  year"  says  Mr. 

I  Ellis'"  "  were,  among  the  Tahitians,  divided  by  the  Pleiades; 

'  Ihe  first,  called  Matarii  t  niri.  Hie  Ptfiartr-it  abwe ;  commenced 

when,  in   the   evening,  those   stars   appeared  on,  or  near  the 
horizon  and  continued  while,  ai^er  sim-set,  they  wore  seen  above 

I  it.    Tlie  otlier  season,  called  Mrilnrii  i  ram,  Ihif  Plciadvt  brloto,  ^_ 

I  commenced  when,  at  sun-set,  the  stars  ceased  to  be  visible,  an4^^^| 

L  *  D«  Dia  Nauli,  cap.  17.  *■  ralyaetiui  lUtcaruUes,  roL  1.  diap.  IV.     ^^H 
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continued  till,  in  the  evening,  they  again  appeared  above  the 
horizon :  in  either  of  the  cases  above  supposed  the  opinion  of 
Badly  falls  to  the  ground.  The  civU  year  was,  by  the  Greeks, 
raade  to  commence  with  llie  nutiimual,  and  by  the  JEtomons, 
before  the  time  of  Nunia,  with  the  vernal  oquinox, 

Syncelhis,  and  EusebiuH,  of  whom  we  have  above  spoken, 
quote  from  tJie  works  of  the  Chaldean  Berosus  tliree  distinct 
cycles  under  the  denominations  of  Sossos,  Ncros  and  SarOs, 
which  are  said  to  consist,  respectively,  of  60  years,  600  years 
and  3600  years;  besides  which  it  is  added  that  120  sari  fonn 
llie  great  planetary  year  or  cycle.  Joscphus  also,  who  perliapa 
drew  some  of  liis  notions  from  the  works  of  Berosus,  mentions  *, 
a  period  of  600  years  which  he  calls  the  great  year  and  which, 
he  pretends,  was  discovered  by  the  patriarchs,  to  whom  he  sayB 
God  granted  very  long  life  in  order  that  they  might  be  enabled 
to  gain  a  competent  knowledge  of  geometry  and  astronomy. 
The  age  in  which  this  Berosus  lived  is  uncertain,  and  it  appears 
that  there  were  at  lea.st  two  persons  of  that  name ;  one  is  said, 
by  Seneca,  to  have  been  a  minister  of  Belus,  king  of  Assyria; 
another  was  contemporary  with  Nabonassar,  or  with  Alexander 
llie  Great ;  and  this  last,  or,  it  may  be,  a  third,  is  described  by 
Vitruvius  as  an  itinerant  lecturer  in  philosophy  who  finally  set- 
tled at  Cos. 

\V"hethcr  the  years  of  the  Chaldean  cycles  are  to  be  considered 
a-s  solar  or  lunar,  or  even  as  days,  or  whetlier  those  cycles 
relate  to  the  movements  of  the  planets,  can  only  be  surmised, 
nor  is  there  any  proof  that  all  the  periods  are  of  an  astronomical 
nature  ;  but,  according  to  Sir  AViUiam  DruramoTid ",  the  word 
Saros  is  derived  from  the  Chaldean  word  Stir  signifying  ro- 
tundity and,  also,  the  moon ;  whence  it  has  been  supposed  to 
denote  the  limar  cycle  of  223  mouths,  or  eighteen  solar  years  of 
which  we  shidl  E]ieak  Iiereader.  \Vliat  is  usually  denominated  the 
planetary  year  is  the  period  comprehended  between  two  c 
junctions  of  llie  sun,  moon  and  planets  in  a  particular  part  of 
the  heavens,  like  that  which  Cicero,  in  his  treatise  De  Natura 
Deoram  calls  the  great  Platoiuc  year,  and,  hke  the  "  magnuB 
g/ecuhrum  ordo'"  mentioned  by  Virgd  in  the  fourtli  eclogue  of 
*  Anciq.  Lib.  I.  cap.  3.  *  Origins,  Book  I.  Chap.  V. 
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the  Bacolkrs.   Now  if  this  conjunction  were  soppoeed  to  possess 
the  precise  chancter  attached  by  astronomers,  at  present,  to  a 
conjonctiim ;  which  is  tlmt  the  planets  should  haye  the  same,  or 
TeiT  neariy  the  same,  longitude,  the  cycle  would  be  of  iTnwtpnffe 
duration ;  and  some  persons  imbued  with  this  opinion  have  sup- 
posed that  a  period  of  49,(X)0years ;  others,  that  one  of  23,760  years 
was  referred  to :  but  this  kind  of  conjunction  does  not  seem  to 
have  been  intended  by  the  ancients.  It  is  eTident,howeTer,  that  no 
correct  knowledge  can  be  obtained  of  the  duraticm  of  such  pe- 
riods while  we  are   ignorant  of  the  extent  of  the   heavens 
within  which  the  planets  were  supposed  to  be  contained  when 
they  were  considered  to  be  in  conjunction ;  for  this  may  have 
been  a  whole  sign,  or  even  a  quadrant  of  the  zodiac ;  a  difference 
which  would  ahar  in  a  vast  degree  the  extent  of  the  cycle, 
nroclus,  in  his  treatise  De  Spk^tra  %  ascribes  to  the  Chaldeans 
the  opinion  that,  in  the  great  planetary  period,  whalevier  it  may 
be,  the  universe  experiences  an  entire  revcdution ;  that  the  com- 
mencement of  the  worid  coincided  with  that  of  the  period,  and 
that  its  destruction  would  take  place  when  the  period  should 
be  completed ;  after  which  they  supposed  that  all  things  would 
return  to  their  previous  state.    Aristotle  speaking  of  this  period, 
which  he  designates  a  great  year,  observes  that  its  winter  is  ac- 
com{>anied  by  a  Caiaciif^maSy  or  deluge,  and  its  summer,  by  an 
Ecpjfrt>9isy  or  conflagration  o(  the  world.    The  superstition  of 
the  ancients  may  be  conceived  capable  of  originating  such  no- 
tions ;  we  meet  with  them  id  the  chronology  of  the  Hindus,  and 
there  are  traces  of  their  existence  even  among  the  inhabitants 
of  enlightened  Europe. 

Scaliger  considers  the  Saros  to  be  the  same  as  the  Dodecaeteris, 
or  period  of  twelve  years  which,  as  Censorinus  observes  '^,  the 
Crenethliaci  call  the  Chaldean  year,  a  period  not  depending  on 
the  course  of  the  sun  or  moon  but  on  observations  relating  to 
the  supposed  returns  of  good  and  bad  harvests,  or  of  periods  of 
health  and  sickness :  and  he  supposes  the  planetary  year  to  be 
equal  to  1440  solar  years,  being  the  product  of  that  period  into 
a  saeculum,  or  age,  which  he  makes  equal  to  120  years.  But  Le 
Gentil,  considering  all  the  Chaldean  cycles  to  relate  to  the  con* 
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jundions  of  ihe  sun  and  moon,  has  allempted  lo  explain  their 
*'alucs  on  tliis  hypoUiesis ;  and,  admitting  that  tlie  Chaideans 
had  assi^ed  to  the  solar  year  and  the  lunar  month  the  lengths 
he  assumes,  he  shews  that  60  years  would  contain  742-j^  luna- 
tions ;  and,  ten  times  this  period,  or  600  jcars,  would  contain 
7421  lunations  exactly,  and  tlius  might  be  formed  tlie  Neros  of 
Berosus,  or  the  Great  Vearof  Josophus.  It  is  impossible,  how- 
ever, to  know  what  proportion,  Recording  to  the  Chaldeans,  the 
solar  years  and  the  lunar  years  bore  to  each  other;  therelbre 
Utile  confidence  can  be  placed  in  tliis  ingenious  explanation :  it, 
moreover,  leaves  the  Saros  entirely  unaccounted  for  and,  in  fact, 
Le  Gentil  admits  tliat  it  is  quite  incxpUcable. 

But  when  the  astronomical  tables  of  tlie  Hindus  were  received 
in  Europe  efforts  were  made  to  explain  tlie  ancient  periods  from 
llio  elements  those  tables  afforded;  and  M.  Bailly  has",  par- 
ticularly, laboured  to  draw  from  those  of  C'hrisnabouran 
probable  solution  of  the  question  concerning  the  Chaldean 
Ncros ;  for  ihia  purjiose  he  calculates,  by  them,  the  mean  motions 
of  the  sun  and  moon  u  ilh  respect  to  the  equinox,  in  600  tropical 
years,  the  length  of  which  he  lakes  from  the  same  tables,  and, 
allowing  for  the  movement  of  the  equinoctial  points  in  that  time 
aecorcUng  to  the  value  assigned  to  this  element  by  tlie  Hindus, 
he  finds  that  a  certain  number  of  revolutions  of  the  moon  i 
accomplished  in  the  600  revolutions  of  the  sun  with  an  excess 
of  3  minutes  only ;  whence,  he  obsenes,  one  of  two  things  must- 
he  inferred,  either  that  Uiis  cycle  has  been  formed  from  the 
tables,  or  tliat  the  latter  haie  been  computed  from  tlie  cycle. 
The  coincidence  is  certainly  remarkable,  and  may  prove  that  the 
period  has  been  formed  by  a  comparison  of  the  mean  motions  of 
the  sun  and  moon ;  but,  while  the  antiquity  of  the  Hindu  tables 
is  liable  to  so  much  uiicertaiiUy,  raont  persons  will  be  inclined 
to  embrace  Uie  opinion  that  the  last  inlbrence  drawn  by  M. 
Bailly  has  the  best  foundation  in  probability. 

In  the  same  work",  tlie  learned  author  obsenes  that  the 
period  of  3600  years,  the  Saros  of  Berosus,  is  often  referred  to  in 
the  Hindu  astronomy,  and  he  conceives  it  to  have  arisen  from 
the  discovery  tliat,  reckoning  from  the  commencement  of  the  age 

*  Aiuon.  ladienne,  Diac  prelim,  page  143.  »  Chap.  X.  MM.  16—19. 
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Cali-Yuga,  that  number  of  years  must  elapse  before  the  origin 
of  the  Hindu  zodiac  would  coincide  with  the  equinoctial  point 

The  cycle  of  60  years  is  in  general  use  in  the  eastern  chrono- 
logy,  and  Bailly  conceives  that  it  may  have  originated  in  the 
observed  conjunctions  of  Jupiter  and  Saturn,  which  occur  every 
twenty  years  in  parts  of  the  zodiac  distant  from  each  other  120 
degrees  in  longitude ;  that  is  in  those  signS  which  constitute  one 
of  the  astrological  trigons :  hence  three  conjunctions,  which  take 
place  in  60  years,  will  have  been  accompUshed  in  all  the  points 
of  one  trigon;  and,  as  this  division  of  the  zodiac  appears  to 
have  been  very  ancient  in  the  East,  the  opinion  is  not  destitute 
of  probability.  Some,  however,  have  imagined  that  the  Sosses 
of  Berosus  was  a  period  of  60  days,  or  two  sjnodical  revolutions 
of  the  moon  nearly,  the  use  of  which  cycle,  according  to 
Censorinus  *,  prevailed  in  Egypt,  and  is,  we  know,  still  retained 
in  India  and  China. 

Besides  the  cycles  abovementioned,  three,  which  relate  to  the 
superior  planets  only,  are  mentioned  by  Achilles  Tatius  ^ ;  that 
writer,  after  describing  the  periodical  revolutions  of  those  planets 
in  their  orbits,  states  that  Saturn  has  a  period  of  350,635  years 
which,  he  says,  is  called  the  great  year ;  Jupiter,  one  of  170,620 
years,  and  Mars,  one  of  120,000  years,  at  the  end  of  which 
times  they  return  to  the  same,  he  does  not  say  what,  point 
Bailly,  in  his  effort  to  explain  every  thing,  imagines  that  these 
periods  might  have  been  formed  by  multiplying  the  times  of  the 
supposed  revolutions  of  the  aphelia  of  the  planets  by  those  of 
the  periodical  revolutions  of  the  planets  themselves;  but  the 
products  arising  from  the  multiplication  of  the  values  now 
assigned  to  those  times  give  periods  which  differ  very  much 
from  those  mentioned  by  Tatius,  and  there  is  sufficient  reason  to 
believe  that,  in  the  days  of  that  write^,  the  movements  of  the 
planets'  aphelia  were  not  even  suspected.  Censorinus  speaks  of 
a  Chaldean  period  of  twelve  yegrs  which,  he  says,  was  supposed 
to  bring  on,  in  regular  order,  years  of  famine  and  sickness :  and 
those  who  have  attempted  to  shew  from  what  phenomenon  the 
number  was  derived  have  imagined  that  it  related  to  one  of 
those  presented  by  the  planet  Jupiter  which,  at  the  end  of 
"  De  Die  N«uli,  cap.  21.        »  Itagoge,  cap.  XVIII.  in  PeUv.  Uranolog. 
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twelve  years  returns  nearly  to  the  sanie  conli juration  with' 
respect  to  the  earth  and  sun.  The  period  which  includes  nine 
coujunctiona  of  Jupiter  and  Saturn  brings  those  planets  to  such 
situations  that,  if  the  first  conjunction  should  occur  at  the  begin- 
ning of  the  aigu  Aries,  the  last  will  occur  at  the  end  of  the  same 
sign ;  and  tliis  has  been  supposed  by  Bailly  to  be  the  origin  of  the 
period  of  180  years  which  now  is,  and,  probably,  from  oncieut 
times  has  been  in  use  in  some  ports  of  Asia.  To  conclude,  we 
may  observe  that  Bailly  has  enumerated "  about  eighteen  dif- 
ferent cycles  besides  those  ascribed  to  the  Chaldeans  and 
Egyptians ;  some  of  Uiem  are  apparently  luni-solar,  while  others 
seem  to  depend  upon  the  supposed  movements  of  the  equinoxes ; 
and  he  quotes  from  Censorinus  a  remark  that  there  was  a  Great 
Year  of  infinite  length ;  whence  he  infers  that  some  among  the 
ancients  had  arrived  at  a  knowledge  of  the  incommensurability 
of  the  periodical  movements  of  the  celestial  bodies. 

Great  importance  was,  by  the  ancients,  attached  to  tlie  know- 
ledge of  those  cycles  which  in  the  Greek  astronomy  were  called 
Exeliifma,  and  which  constitute  integral  periods  of  Uie  revolu- 
tions of  the  celestial  bodies  ;  and  it  is  evident  that  they  must 
have  afforded  the  only  means  then  known  of  computing  the 
returns  of  the  phenomena  to  which  they  related.  In  the  modem-, 
astronomy  they  are  quite  abandoned,  it  being  more  accurate  as 
well  as  more  independent,  to  determine  tlie  mean  motions  of  the 
celestial  bodies  by  a  comparison  of  their  situations  at  periods 
remote  from  each  olhpr.  These  mean  movements  for  years, 
montlis,  days,  &c.  being  reduced  to  tables,  are  easily  taken  from 
Ihence,  and  the  corrected  places  of  the  celestial  bodies  are  found 
by  applying  the  variations  to  which  the  movements  are  subject ; 
such  variations  have  been  deduced  fiom  the  physical  causes 
affecting  the  movements;  and  the  formula!  investigated  for  the 
purpose  of  expressing  them  have  also  been  reduced  to  tables 
subsidiar)'  lo  tbose  which  give  the  mean  places  and  movements. 
The  formulae  and  tlic  tables  computed  from  them  are  corrected 
frx>m  time  to  lime,  as  observations  are  multiplied  and  become 
more  perfect,  and  no  correction  of  an  empirical  nature  is  now 
admitted. 

*  Annm.  Andome  EcUiniM.  lit).  Vlll.  MCt.  la. 
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Hitherto  we  have  only  considered  ihe  most  eimple 
tions   that  might    have   been    made    and    the    most    obviom 
deductions  from  them ;  and  it  will  be  readily  acknowledged  tl 
such  observations  and  deductions  do  not  surpass  the  e 
the  power  of  either  the  Chaldeans  or  Egyptians,  in  the  agi 
wliich  preceded  that  of  the  Greek  astronomy.     But  Geminus% 
who  is  thought  to  have  lived  about  one  hundred  years  before 
Christ,  ascribes  to  the  ibnner  people  obsen'ations  and  deductions 
of  kinds  superior  to  those  of  which  we  have  before  spoken,  and] 
such  as  indicate  considerable  advances  in  the  formation  of  I 
theory  of  the  lunar  motions.    If  what  he  alleges  be  correct,  thq 
must  have  ascertained  the  variable  velocities  of  the  sun  ; 
moon,  the  situations  of  the  apsides  and  nodes  of  the  mo< 
orbit  and  the  periods  of  her  revolution  wiUi  relation  to  Uioi 
points.     They  discovered,  be  says,  that,  in  eighteen  years,  t 
6585^  days,  the  moon  liad  made  223  complete  revolutions  ii 
respect  to  tlie  sun;  211  revolutions  and  lOj  degrees  with  ) 
specttothe  fixed  stars;  239  restitutions  of  anomaly,  or revo- 1 
lutions  with  respect  to  the  apsides  or  points  of  her  greatest  and  J 
least  velocities,  and  24*2  restitutions  of  latitude,  or  revolutjoai 
witli  respect  to  her  nodes ;  but  he  adds  that,  in  order  to  obta 
an  entire  number  of  days,  they  tripled  all  the  above  nmnben}fi 
and  thus  formed  a  new  period  consisting  of  19,756  days, 
about  iifly-four  years,  in  wliicl),  consequently,  the  moon  would 
make  723 j\  sidereal  revolutions;  669  revolutions  with  respect 
to  the  sun ;  717  revolutions  with  respect  to  tlie  apsides,  and  726 
revolutions  with  respect  to  her  nodes.     Tlie  truth  probably  is, 
that  the  Greeks  determined  all  or  some  of  these  periods  by 
comparing  the  times  and  phenomena  of  the  ecUpsee  observed  by 
the  Chaldeans  or  Egyptians  with  sucli  as  were  made,  in  lal«f 
times,  by  astronomers  of  their  own  nation:   but,  as  the  moTK^ 
ancient  people  could  have  had  no  other  object 
making  their  catalogues  of  celeslial  phenomena,  than  to  oflbid:^ 
the  means  of  ascertaining  such  periods  ;  it  would  be  unreason* 
able  to  suppose  that  tliey  did  not,  themselves,  use  tlicir  ob- 
servations  for  a  like  purpose,  Uiough  wc  may  graiit  ihat  the- 
cycles  (hoy  thus  formed  were  less  accurate  than  those  whid 
'  JH  AppapgntUi  dalatitnu,  cap.  da  Meiuibtu. 
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are  above  announced.  The  periods  in  wliich  the  reatitutions  of 
the  lunar  inequalities  of  motion,  in  lonptude,  arc  found  to  take 
place,  from  the  precediog  cycles,  arc  as  follow:  the  period  of  re- 
stitution with  respect  to  the  fixed  stars  in  27.321  days;  to  the 
EUD  in  29,531  days ;  to  the  moon's  apogcum  in  27.553  days,  and 
to  her  node  in  27.212  days.  And  the  agreement  of  these  values 
with  those  found  from  the  corresponding  Hindu  cycles,  which 
will  be  hereafter  mentioned,  is  so  reniarl;al>le  as  almost  to  justify 
a  suspicion  that  the  different  people  did  not  make  the  chscovery 
of  the  cycles  quite  independently  of  each  other. 

'riie  determination  of  tlie  mean  values  of  these  periods,  even 
witlioul  Uie  aid  of  instruments  for  ascertaining  directly  the  place 
of  a  star  or  planet  with  respect  to  the  circles  of  the  sphere,  is 
however,  a  work  of  comparative  facihly ;  and  lie  method  em- 
ployed by  the  ancients  appears  to  have  been  nearly  the  same  a9 
that  which  is  followed  by  the  astronomers  of  the  present  time ; 
the  only  advantage  enjoyed  by  the  latter,  in  this  research,  con- 
sisting in  a  more  accurate  knowledge  of  thi3  actual  places  of  the 
celestial  bodies,  and  in  a  diminution  of  the  errors  in  the  lengths 
of  the  periods,  by  being  enabled  to  make  comparisons  of  such 
places  after  the  lapse  of  great  intervals  of  time.  To  ascertain 
the  time  of  a  sidereal  revolution  of  the  moon  it  would  only  be 
necessary  to  obsen'e  two  successive  near  appulscs  of  tliat  lu- 
minarj-  to  some  fixed  star,  which  would  give  an  approximate 
value  of  that  period ;  then,  observing  two  such  appulses  distant 
from  each  other  by  many  years,  since  an  integral  niunber  of 
snch  revolutions  must  have  been  performed  in  the  intcnal,  if 
that  interval  be  divided  by  the  approximate  value,  the  nearest 
integer  to  the  quotient  wilt  be  the  number  of  revolutions ;  and, 
the  whole  inten-al  being  divided  by  such  integer,  the  new 
qtiolient  wiU  be  the  more  accurate  value  of  the  sidereal  revolu- 
tion. 

By  a  similar  process  the  duration  of  a  synodical  revolnlion  of 
Uic  moon  might  have  been  ascertained  :  for  the  interval  between 
iwn  consecutive  first  appearances  of  tlie  new  moon  would  af- 
ford an  approximation  to  the  period :  and  two  such  observations 
made  at  times  very  distant  from  each  other  would  give  the  du- 
ration with  great  acciuracy.     The  two  remaining  periods  must 
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have  been  ascertamed  from  ihe  repatered  eclipses  of  the  moon; 
and  Ptolemy  expressly  states  that  the  ancient  mathematicians, 
meaning  no  doubt  the  Chaldean  astronomers,  \mi\  made  tlie  dis- 
covery of  such  periods.  Tlie  revolution  with  respect  to  the 
node  might  easily  be  found  from  the  registered  times  of  two 
lunar  eclipses  which  are  total  and  central  j  for,  in  those  circi 
stances,  the  moon  must  be  in  or  near  one  of  her  nodes ;  the  ii 
terval  between  two  such  phenomena,  being  divided  by 
duration  «f  a  sidereal  revolution,  as  an  approximation  to  that 
with  respect  to  the  nodes,  would  give  Uie  integral  number  of 
revolutions  of  the  latter  kind  in  the  interval ;  and  hence  might 
be  obtained  the  correct  duration  of  a  revolution  from  one  node 
to  the  same.  If  the  place  of  the  moon  in  tlie  zodiac,  at  the 
time  of  such  an  ecUpse,  was  determined  by  her  appulse  to  some 
known  fixed  sliir,  tlie  perceptible  changes  of  her  situation 
respect  to  tlie  same  star  at  the  times  of  the  succeeding  eclip! 
the  moon  being  then  also  near  her  node,  would  shew  tliat 
node  retrograded,  or  moved  from  east  to  west  in  the  hcavenfi 
and,  as,  at  the  end  of  about  eighteen  years,  a  central  cell 
would  again  be  found  to  take  place  at  the  same  distajice  as 
firet  from  the  same  fixed  star,  it  might  be  concluded  tliat  a 
volutiun  of  the  moon's  nodes  is  accomplished  iu  that  tii 
Lastly,  if  in  the  registers  of  eclipses  there  be  found  two  which 
arc  equal  in  magnitude  aud  duration,  tlie  velocity  of  the  moon 
being  at  those  limes,  consequently,  equal ;  it  will  follow  that 
the  moon  muHt,  at  both  times,  have  been  either  in  the  line  of 
the  apsides,  or  at  equal  distances  from  the  apogcum.  There- 
fore the  interval  of  time  divided,  as  before,  by  tlie  approxi 
time  of  one  revolution  will  give  the  integral  number  of  revolt 
tions  with  respect  to  the  apogeum  in  that  interval ;  and, 
thence,  may  be  obtained  tlie  more  correct  time  of  such  revoh 
lion.  The  different  positions  of  the  moon,  with  respect  to  tli4. 
iixed  stars,  when  she  is  in  the  apsides  of  her  orbit  might  hare 
shewn  that  those  points  were  not  immoveable  in  space, 
might  indicate  their  velocity  and  the  direction  of  their  motionj 
and  though  we  have  no  direct  proof  of  it,  there  scetns  no  rei 
to  refuse,  to  the  more  ancient  Chaldeans  or  Egj-ptians,  soma 
knowledge  of  their  periodical  revolutions.     Tliat  the  Cbaldeaiu 


:uia^^ 


VI.]  ASTRONOMICAL   CYCLES. 

were  aware  of  the  inequality  of  tjie  diood's  motion  is  Biifficientl/ 
evident  since,  according  to  Ptolemy,  they  held,  though  we  know 
not  in  what  age,  an  opinion  that,  in  passing  from  apogeo  to 
perigeo,  her  movement  was  uniibrmly  accelerated  as  much  as 
eighteen  minutes  daily  ;  and  in  returning  from  the  latter  to  the 
fonncr  point,  it  was  retarded  in  the  hke  manner :  and  though 
they  tfere  wrong  in  supposing  this  acceleration  and  retardation 
to  be  uniform,  yet  the  discovery  of  a  variation  in  the  velocity,  as 
is  obsened  by  La  Place ",  is  a  proof  of  their  sagacity,  and  is  the 
earliest  fact  of  the  kind  of  which  we  have  any  knowledge. 

An  argument  in  support  of  the  notion  that  astronomy  was 
cultivated  in  the  East  long  antecedently  to  the  origin  of  the 
Chaldean  and  Egyptian  monarchies  has  been  drawn  from  the 
extent  of  Uie  cycles  in  which  the  lunar  inequalities  are  com- 
pensated: it  is  alleged  that,  in  order  to  discover  by  the  re- 
currence of  like  eclipses  the  time  of  a  compensation,  a  greater 
number  of  years  are  required  than  are  supposed  to  have  elapsed 
since  tho  epoch  of  tliat  origin ;  and  hence  it  is  concluded  that 
the  first  observations  must  have  been  made  in  times  much  more 
remote.  In  proof  of  this  allegation  it  is  remarked  that,  besides 
the  length  of  the  interval  between  tlie  nearest  recurrences  of  the 
eclipses  by  which  the  compensation  of  an  inequality  is  deter- 
mined, the  regular  retiuns  of  the  eclipses  themselves  so  often 
escape  obsen'ation,  by  those  taking  place  below  the  horizon  of 
the  spectator  which,  at  a  previous  return,  may  have  occurred 
above  it,  that  many  periods  must  pass  over  before  the  length  of 
one  could  be  ascertained.  M.  Delambre  observes"  that  not 
half  the  eclipses  which  take  i)lace  in  any  one  period  would  be 
Tiuble;  and  Cassini,  in  the  Memoircs  de  I'Acadeuiie  dea 
Sciences*,  goes  so  far  as  to  say  that,  among  all  the  eclipses 
which  have  happened  within  the  last  '.^500  years,  there  are  i 
two  of  tlie  same  kind  distant  from  each  other  by  so  great  an  i 
terval  as  one  of  the  periods  referred  to  by  Hipparchus;  from 
which  circumstances  it  may  seem  quite  natural  to  infer  that 
many  ages  must  have  elapsed,  and  a  very  great  number  of  ob- 
Bervalions  must  have  been  made  to  enable  the  astronomer,  by 
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several  coiiici deuces,  lo  concliido  that  the  jwriods  are  coustai 
The  remarliB  we  are  about  to  make  will,  however,  in  our  opiutoi 
afford  ground  lo  believe  tliat  the  miinber  of  yours  requisite  t 
determine  the  periods  of  the  lunar  incquahties  is  not,  necesaaiUjfl 
60  great  as  might  at  iirst  be  supposed. 

Delainbre  seems  to  consider  tliat  the  recurrence  of  one  eclipstfl 
only,  at  the  lunar  apogeum  or  node,  or  at  the  same  dista 
from  either,  is  obsened  within  one  period  of  restitution ;  but  Ha 
must  be  remembered  that  all  the  eclipses  visible  witlkin  two  ]>e 
riods  of  the  restitution  of  one  kind  of  inequality  amount  to  wim 
coosiderable  immber;  so  that  among  them,  though  the  retuing  J 
of  some  may  not.  those  of  others  will,  be  found ;  mid  these  a 
sufficient   to  afford  an  approximate  knowledge  of  the  period^  I 
which  period  might  be  afterwards  verified  or  corrected  by  th#  I 
observations  of  similar  eclipses  at  longer  intervals ;  or  cxtend«d|  f 
as  was  done  by  the  Greeks  and  Hindus,  by  tlie  simple  proceM-'l 
of  taking  equimultijtles  of  the  number  of  restitutions  and  uf  thflj 
time  in  which  that  number  was  accomplished.     We  must  rs^  I 
mark,  moreover,  that  the  phenomena  of  two  like  ct^lipses  neod  J 
not  agree  with  the  utmost  precision,  neither  indeed  is  it  possible 
that  they  should ;  but  Uiis  agreement  is  supposed  by  Cassiui, 
when  he  says  that  no  two  Uke  eclipses  are  to  be  found  in  re« 
gisters   kejit   diuing   2500   years :    in   fact,   however,    a   ne«t  J 
approximalion  to  similarity  was  sufficient  for  the  ancients,  wh<]^  J 
by  taking  a  moan  of  a  multitude  of  obscrvalions,  procm^  •  ' 
tolerably  accurate  knowledge  of  any  period  through  the  com« 
pensations  of  tlie  errors ;  and  of  eclipses  nearly  similar  to  each 
otlier  there  would  be  many  in  a  much  smaller  number  of  years, 
Let  us  add  tliat  tho  ancients  enjoyed  tlic  ad/antage  of  a  &xm-m 
sky,  and  that  among  them  a  class  of  men  was  almost  wholly  j 
devoted  lo  the  contemplaUon  of  the  heavens;  from  which  ciikrl 
cumstanci's  it  may  be  inferred  that,  in  a  given  time,  they  mustl 
have  made  many  more  observations  of  that  nature  than  hav4 1 
been  matle  since  the  days  of  Ptolemy;  when,  till  lately,  thai 
practice  of  astronomy  was  less  constantly  cultivated  than  before)  | 
even  now,  many  such  phenomena  are  lost  to  us  by  tlic  vapoun  I 
of  oiir  atmosphere  which  too  fifcqucntly  conceal  the  celestial  [ 
bodies  from  our  view. 
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It  is  coDceivable,  therefore,  that  tlie  two  thousand  years  which 
bad  elapsed  between  the  Deluge  and  the  age  of  Aristotle,  and 
the  longer  interval  between  that  great  event  and  the  time  of 
Hipparehus,  may  have  sufficed  to  obtain  the  number  of  ob- 
eervations  necessary  to  determine  the  periods  alluded  to  by  the 
former,  and  employed  by  the  latter  astronomer:  it  ia  eren 
reasonable  to  beUeve  that  the  series  of  Chaldean  observations, 
extending  through  1903  years,  which  are  said  to  have  been 
transmitted  to  Aristotle  by  his  Mend  Callimachus,  consisted  of 
echpses,  and  occultations  of  stars  or  planets  by  Uie  moon,  and 
that  the  former  are  those  by  which  Hipparchus  determined  the 
elements  of  the  lunar  orbit ;  it  is  probable  also  that,  from  llie 
latter,  were  obtained  the  periods,  relating  to  the  movements  of 
the  planets,  which  are  stated  in  the  works  of  Ptolemy. 


120  ASTRONOMICAL  MONUMSMTS  [CHAP. 


CHAPTER  VIL 

ASTBONOMICAL  MONUMENTS  OF  THE  ANCIENTS. 

Notices  concerning  the  Chaldean  and  Egyptian  Hermes. — Alleged  snpew 
riority  of  the  Egyptian  Astronomy.— Sculptured  representatioos  of  tlie 
heavens. — The  sculptured  planisphere  in  the  Temple  of  Isis  at  Denderah..- 
Its  supposed  epoch. — The  rectilinear  zodiac  in  the  same  temple— Sculp- 
tured zodiacs  at  Esneh  and  Dehr. — Opinions  of  M.  Dupuis  concerning  the 
signification  of  the  zodaical  conste]Iations.-^The  positions  of  the  l^^Hwiy 
sig^s  in  the  Egyptian  zodiacs. — Hindu  and  Roman  zodiacs. — Notices  ooa. 
ceming  the  Persian  astronomy  in  the  Zend-Avesta.— Hypothesis  of  I>r. 
Stukely  concerning  the  Druidical  monuments  in  Britain. 

It  appears  that  between  the  time  of  Ptolemy  and  the  epoch  of 
the  reyiyal  of  learning  in  Europe^  if  not  at  an  earlier  period, 
several  books,  either  genuine  or  apocryphal,  must  have  been  in 
existence,  in  which  mention  was  made  of  the  Chaldean  or 
Egyptian  learning ;  for  such  are  frequently  alluded  to  by  the 
writers  of  the  middle  ages,  and  a  certain  Hermes,  or  M ercurius 
Trismegistus,  is  occasionally  quoted  as  a  personage  living  in 
very  remote  times,  and  either  as  an  observer  of  the  heavens  or 
the  author  of  certain  astronomical  sculptures  or  writings.  Jam- 
blichus  relates*,  on  the  authority  of  Seleucus  and  Manetho, 
that  he  wrote,  concerning  the  theology  and  astronomy  of  the 
Egyptians,  a  number  of  books  equal  to  the  years  during  which 
the  thirty  dynasties  of  kings  are  said  to  have  reigned  over  that 
people ;  an  idle  fable  from  which  we  can  only  infer  that  many 
works  relating  to  those  subjects  had  been  written  by  different 
persons  and  were  ascribed  to  Hermes,  just  as  the  actions  of 
more  than  one  of  the  ancient  heroes  were,  by  the  Greeks,  attri- 
*buted  to  Hercules.  This  is  so  much  the  more  probable  as  we 
Imow  that  the  priests  of  old  were  frequently  denominated  from 
the  deity  to  whose  service  ihey  were  consecrated**;  and,  con- 
sequently, there  may  have  been  many  individuals,  priests  of 
Mercury,  bearing  that  appeUation.  It  is,  also,  easy  to  conceive 
that  the  name  of  Hermes  may  have  been  assumed  by  different 

'  De  Mysteriis  .Sgyptiorum,  Sect.  VIII.  cap.  I.  in  Fabridi  Biblioth.  Grac 
Lib.  I.  cap.  II. 
^  Bryant*s  Analysis  of  Ancient  Mythology. 
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persons  merely  to  procure  a  sanction  for  their  opinions  in  philo- 
sopliy  by  pretending  that  they  were  tliose  of  a  celebrated  an- 
cient: such  artifices  are  generally  found  to  be  successful, 
because  men  can  hardly  avoid  being  strongly  prejudiced  in 
favour  of  doctrines  supposed  to  have  descended  from  antiquity ; 
which,  on  that  account,  Uiey  regard  wiih  veneration,  and  accept 
as  the  precepts  of  a  parent. 

The  Uennes  mentioned  by  Manetho  was,  probably,  the  first 
of  the  name ;  he  is  pretended  to  have  been  an  Egyptian,  con- 
temporary witli,  and  the  mimster  of  Osiris  who  lived  about  1800 
years  Before  Christ :  he  is  also  supposed  to  have  been  the 
Buddha  of  the  Hindus,  but  on  no  belter  foundation  than  that 
the  fourth  day  of  the  week,  among  the  latter  people,  is  dedicated 
to  that  deity  as  the  fourth  day  of  the  Egyptian  week  was'  Jo 
Thoth  or  Henues,  and  that  both  Hindus  and  Egyptians  marked 
that  day  by  the  symbol  of  Mercury.  Abulpharagius"  names  a 
Chaldean  Hermes  who,  he  says,  lived  some  years  after  the 
Deluge,  and  Alpetragius  mentions  one  to  whom  he  ascribes  the 
pretended  discovery  that  the  star^  have  a  motion,  real  or  appa- 
rent, which  is  alternately  direct  and  retrograde.  This  opinion 
of  two  opposite  movements  in  what  are  called  the  fixed  stars  is 
known  to  have  been  entertained  in  Uie  first  century  of  tiie 
Christian  era,  and  if  the  Hermes  here  spoken  of  be  not  a  fictitious 
personage,  he  very  probably  lived  about  tliat  time.  In  the 
Philosophical  Transactions  for  1G94,  the  longitude  of  Aldebaran 
is  aUeged  to  have  been  observed  by  Hermes,  and,  fi'ora  the 
position  assigned  to  tlie  star,  it  would  appear  that  the  observa- 
tion was  made  above  3000  years  Before  Christ :  but,  as  no 
authority  is  given  for  his  assertion  by  the  writer  of  the  article, 
it  is  impossible  to  form  any  opinion  of  its  truth  or  falsehood. 

One  of  the  Hermes  appears  to  have  been  the  author  of  a 
work  which  was  esteemed  of  high  importance  by  the  priests  of 
Egypt,  and,  probably,  contained  the  rules  for  determining  the 
times  of  celebrating  their  rchgious  festivals :  this  we  learn  fi^m 
Clemens  Alcxandrinus,  who  hved  in  the  second  century  of  our 
era,  and  who,  in  describing  the  persons  attending  in  the  pro- 
cessions made  in  honour  of  Isis,  stales'*  that  one  of  them,  de- 
■  UiiMria  DyTialli>nini.  •  Stromiw,  Lib.  VI. 
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nominated  the  Scribe,  was  acquainted  with  the  hieroglyphicB 
relatire  lo  cosmogFopby  and  geograpbr,  and  to  the  coiuses  of 
the  Bim,  moon,  and  planeUi ;  and  that  another,  named  the 
Horoscope,  was  skilled  in  ibe  four  books  of  Uermes  on  astnh;^^ 
logy  and  astronomy ;  the  drst  of  which,  he  obserres,  treats  al^| 
the  order  and  disposition  of  tbe  universe  and  of  the  five  plajaets; 
tbe  second,  of  the  conjuncUons  of  tbe  son  and  moon,  and  the 
two  others,  of  the  risings  of  tbe  stars.  And  to  ibe  same  Hermes 
or  to  some  writer  who,  subsequently,  bore  his  name,  the  Arabian 
astronomer  Ibn  Jounis  has  ascribed  a  treatise  on  shadows,  pro- 
bably meaning  those  of  a  gnomon,  which  were  so  long  and 
generally  used  to  determine  the  times  of  the  equinoxes  and 
solstices.  We  regret  the  impossibility  of  fixing  the  age  in 
which  any  one  of  these  philosophers  flourished,  and  are  com- 
pelled to  observe  in  conclusion  that  the  sul^cct  is  involved  ig^^l 
impenetrable  obscurity.  ^^H 

Tlie  science  of  the  Egyptians  was  considered,  by  Herodottuif^l 
superior  to  that  of  any  otlier  Eastern  people  of  his  time,  but  he 
only  alleges  two  circumstances  in  support  of  the  opinion ;  one 
of  which  is  the  remarkable  and,  seemingly,  irrational  story 
related  to  him  in  a  conversation  with  some  of  the  priests,  that  in 
11,340  years  the  sun  had  four  times  changed  the  place  of  his 
rising,  having  twice  risen  where,  now,  he  sets',  meaning,  probably, 
that  there  had  twice  occurred  a  rising  in  the  west  alternately 
with  one  in  the  cast :  and  the  other  is  the  discovery  that  the 
vcar  consists  of  305  days.  The  fu^t  of  these,  which  is,  also, 
Rlluded  to  by  Pomponius  Mela'',  though  the  author  assigns  to 
the  period  13,000  years,  may,  if  it  have  any  meaning,  admit  of 
explanation  in  two  diflerent  ways.  il.  Dupuis,  who 
u'ith  all  his  might  to  support  the  opinion  tliat  the  Egypt 
astronomy  had  its  origin  in  a  most  retnote  antiquity,  lakes 
real  the  long  period  which  the  recital  of  Herodotus  would  a] 
to  give  to  the  existence  of  the  monarchy  ;  and,  us 
tlic  period  is  nearly  equal  to  half  of  that  in  wliicb  the  fixed 
Borm  to  make  a  revolution  in  longitude  by  the  retrogredalit 
the  equinoctial  points,  thougli  in  tlic  account  given  by  Hcrod< 

*  ICuier)>t,  i«ii.  \i3.  '  Piiiiip.  Jlcia,  Lib.  I.  .l^itypt. 
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it  differs  from  il  above  sixteen  Iiundred  years,  he  supposes"  iho 
relation  lo  be  founded  on  Uie  change  which,  by  Uiat  half  revo- 
lution, is  produced  in  the  positions  of  the  stars  with  respect 
to  the  colures.  These  circles  dividuig  the  zodiac  into  four 
quadrants,  denominated  by  some  ancient  ^^Titers,  the  east, 
south,  west,  and  north,  the  stars  which,  at  any  epoch,  occupy 
the  eastern  cUvision,  will,  in  the  course  of  half  a  revolution, 
occupy  the  western  division,  and  so  cm ;  consequently  the  sun 
which,  at  the  &^t  period,  rises  and  sets  witli  certain  stars,  will, 
at  the  Bccond,  rise  and  set  with  those  which  are  diametrically 
opposite :  and  Dupuis  conceives  that  tlie  Egyptian  priests  may 
have  intended  to  express  this  circumstance,  in  their  enigmatical 
language,  by  saying  the  sun  had  reversed  the  place  of  liis  rising 
and  setting. 

A  very  different  interpretation  of  the  words  of  Herodotus,  and 
one  which  to  most  persons  will  doubtless  appear  far  more 
reasonable,  has  been  lately  offered  by  Dr.  Renwick  in  a  letter  to 
Captain  Sabine,  which  was  published  in  the  Journal  of  the 
Royal  Institution  for  May  1831.  This  is  founded  on  the  sup- 
position that  the  period  referred  to  by  Herodotus  or  Mela 
signifies  the  duration  of  one  Sothaic  cycle  and  half  a  cycle ;  that 
is  2100  years:  Dr.R.  observes  that,  at  tJie  commencement  of  the 
cycle,  the  sun  would  be  iu  the  constellation  Leo  at  the  time 
of  the  heliacal  rising  of  Siriuf; ;  that,  after  730  sacred  years,  he 
woidd,  on  Uie  same  day  of  the  [vague]  year,  be  in  tliat  part  of 
the  zodiac  which  is  in  opposition  to  Leo ;  and,  consequently, 
would  rise  with  a  con.stellation  which,  at  the  beginning  of  the 
p'eriod,  was  settuig  at  the  lime  of  his  rising ;  at  the  end  of  the 
cycle  he  would  rise  and  set  with  Sirius  as  at  fust :  and,  after 
another  730  years,  he  would  again  rise  o-ilh  tlie  opposite  con- 
stellation. 'I'he  only  difhcully  in  the  way  of  tliis  explanation  is 
the  substitution  of  2190  years  for  11,340  or  13,000 ;  but,  if  we 
suppose  the  latter  to  have  been  years  of  two  mouths  each,  tlie 
agreement  would  be  suITiciently  close.  Herodotus  states  that 
the  period  included  between  those  pretended  changes  of  the 
sun's  place  of  rising  extended  from  the  reign  of  the  first  king  of 
Pgypt  to  the  time  of  Sethos,  a  priest  of  Vulcaji ;  now  the  latter  is 
*  Menioiit  ()u  Zodiaque,  p.  37. 
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said  to  have  lived  aljout  the  year  700  b.  c,  and  this  fiicl  wonl 
place  the  reign  of  Uie  first  king  of  Egjpt  in  the  year  2890  B 
an  epoch  which  is,  probably,  rather  too  remote. 

The  observation  of  Herodotus,  that  the  year  discovered  fajifl 
the  Egyjitians  consisted  of  365  days,  inuKt  be  understood  I 
imply,  merely,  that  these  people  were   the  first  to  employ  0mm 
annus  vagus  for  religious  purposes,  and  not  that,  in  ihe  time  a 
the  Greek  historian,  they  were  unacquainted  with  the  fact  that! 
an  additional  (luarter  of  a  day  was  uicluded  in  the  length  ofl 
their  agricultural  or  tropical  year ;   since,  as  wc  have  already  \ 
shewn,  there  is  sufGcieut  reason  to  believe  that  the  latter  measurti  I 
of  time  had  been  much  more  anciently  in  use  among  lliem. 
the  obsen-ations  made  on  tlie  celestial  bodies  by  the  £gyptiaiia^| 
not  one  has  been  presened  imless  we  consider  as  such  the  sevei 
heliacal  risings  of  Sirius  ascribed  to  tliem  by  Ptolemy  in  his  trekJ 
tise  on  the   calendar :  the  first  of  which,  if  the  account  may  I 
credited,  took  place  four  days  after  the  summer  solstice,  and,  con^ 
seqnently,  about  the  year  1940  Before  Christ :  even  the  ootic* 
of  such  eclipses  of  the  sun  or  moon  as  we  cannot  doubt  thin 
obsenetl  either  were  not  in  existence  in  the  time  of  Ptolemy  ocfl 
were  overlooketl  by  that  astronomer,  since  he  has  had  recourse  tl 
those  of  the  Chaldeans  in  order  to  obtain  data  for  his  iuvcsti 
gations  concerning  the  orbits  of  tliosc  luminaries.     I.a  Place  i 
inclined  to  think*    that  tlie  priests  of  Egypt  might  have  1 
jealous  of  the  school  at  Alexandria,  which  had  been  founded  fa 
the  Ptolemies ;  and  therefore,  withheld  from  the  astronomers  ci 
that  establishment  whatever  knowledge  they  might  have  pre 
viously  acquired :  while  Dclambre   shrewdly  remarks  that,  i 
men  seldom  conceal  what  would  enhance  ihuir  reputation,  it  il 
very  probable  that  the  priests  liad  nothing  of  importance  I 
communicate,  and  that  they  concealed  their  ignorance  under  a 
aSccled  reserve.     But  neither  of  these  opinions  can  be  entireljr  J 
just  J  for  tlic  Egyptians  could  not  have  ojjscrvcd  the  hearei 
during  so  many  ages  without  making  many  discoveries, 
could  Ptolemy  have  been  ignorant  of  the  contents  of  Bucb  votltal 
on  astronomy  as  those  ascribed  to  Hermes,  which  appear  t^l 
have  been  generally  known  about  his  time;  wc  must,  tlierefon^.f 
•  Pred*  de  lliliiaire  A»  VJuuoaotDie,  Chop.  I. 
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ascribo  his  silence  respecting  the  science  of  the  Egyptians  to 
some  other  cause,  which,  perhaps,  may  have  heen,  that  tlie  ob- 
sen-atione  of  more  ancient  date  than  those  be  employed  were  not 
accompanied  by  details  suilicicDily  precise  to  serve  the  purpose 
he  had  in  view. 

Some  of  the  sacred  edifices  of  tlie  Egyptians,  Ifindus  and 
Romans  are  found  to  exhibit  stiiking  proofs  of  the  importance 
which  these  several  people  attached  to  the  science  of  astronomy, 
in  the  representations  of  the  heavens  sculptured  on  their  ceilings. 
Either  the  figures  which  designate  the  conatellaliona  were  con- 
udered  fit  subjects  for  a  display  of  taste  in  one  of  the  fine  arts, 
and  the  idea  of  applying  them  in  such  situations  arose  from  a 
supposed  correspondence  of  the  ceiUiig  of  an  apartment  with 
the  risible  surface  of  the  vault  of  heaven ;  or,  as  the  celestial 
bodies  were  objects  of  adoration  in  the  East,  such  represent- 
ations were  considered  of  use  in  exciting  Oie  devotion  of  the 
people  :  whatever  may  have  been  tlie  reason  of  this  remarkable 
practice,  it  probably  originated  in  Egj-pt  where,  alone,  the 
existing  specimens  bear,  in  their  execution,  marks  of  an  atten- 
tion to  scientific  principles.  Tliough  llie  precise  age  of  these 
Egyptian  sculptures  is  very  doubtful,  and  tliough  we  have 
reason  to  beheve  that  tliey  are  not  so  ancient  as  the  disposition 
of  the  figures  in  them  seems  to  indicate,  yet  that  similar  works 
were  executed,  in  very  early  times,  in  that  countrj',  is  highly 
probable  from  the  account  given  by  Diodorus  Sieulus  of  a 
Golden  Circle  in  the  tomb  of  Osymandius,  which,  he  observes,  is 
the  most  magnificent  of  all  the  sepulchres  of  tlie  kings  of  Egypt. 
The  circle,  he  says ',  was  one  cubit  thick,  or  broad,  and  365 
cubits  in  circumference:  it  was  dirided  according  to  the  number 
of  the  days  of  the  year  and  was  inscribed  with  the  subjects 
professed  by  the  Egyptian  astronomers ;  in  which  it  has  such  a  ' 
marked  resemblance  with  one  of  the  representations  about  to  be 
described  that  Uttle  doubt  can  be  entertained  of  its  nature, 
though  some  late  astronomers  seem  to  have  taken  it  for  an 
instrument  used  in  making  celestial  observations.  Diodorus 
adds  that  the  circle  was  reputed  to  have  been  taken  away  by 
Carobyses  when  he  conquered  the  country-. 
*  BibliotK.  HiU.  Lib.  I.  tesl.  4& 
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The  most  impoitant  of  tho  Bculptures  lately  discovered  i 
Egypt  represents,  apparently,  tlic  wlioie  of  llie  risible  bearei 
on  a  plane  surface,  within  a  circular  margin  ;  and  was  execuU 
on  the  ceiling  of  an  upper  apartment  in  the  Temple  of  Isis  | 
Dendcrah.     On  the  same  Ici  el,  and  on  the  opposite  side  of  t 
building,  is  another  apartment  also  decorated  with  astronomic 
emblems,  but  having  no  roof,  and  seeming,  as  M.  l*tronne  o 
serves,  to  have  been  intended  as  an  observatory  from  whence  ll 
scidpture  in  the  before-mentioned  apartment  might  be  verified  by 
an  actual  inspection  of  the  heavens.     By  M.  M.  Jollois  and  De 
Villiers,  the  authors  of  the  Recherchen  sur  les  Bns-relie/i  Attro' 
fwmigues  des  EgyptienK,  in  the  Memoires  de  Vlnstitut',  the 
planisphere   is   supposed   to   Ijc  a  projection  of  the  Dortbem 
celestial  hemisphere  on  the  plane  of  the  equator ;  the  twelve 
zodiacal  constellations  are  easily  distiiiguishcd  on  it  by  their 
resemblance  to  those  on  a  common  globe,  and  follow  each  other 
fai  the  order  at  present  assigned  to  tliera  exce])t  that  Caiicer«  ■ 
instead  of  coming  bet«'cen  Gemini  and  Leo,  is  placed  above  tl 
latter  towards  the  cen^  of  the  acnlplnre :  this  displacement  h 
caused  tJie  figure  to  be  talien  for  the  mythological  scarabens  0 
beetle,  the  symbol  of  deity ;  but  as,  here  and  elsewhere,  it  1 
eight  feet  while  the  beetle  has  only  six,  there  can  be  no  doi 
that  it  represents  a  zodiacal  constellation.     AH  these  figures  a 
contained  witliin  an  annular  band,  whose  centre  is  in  a  liiM 
drawn  through  that  of  the  planisphere,  or  the  pole  of  the  worii 
and  through  both  Cancer  and  Leo,  which,  of  all  the  zodiacs 
constellations,  are  those  nearest  to  that  pole.     It  woiUd  s 
llierefore,  that  this  line  must  be  the  projection  of  the  solstitial 
colure ;  and,  consequently,  that  tho  planisphere  represents  tl 
state  of  the  heavens-al  the  time  when  the  summer  solstice  « 
cither  at  the  commencement  of  Leo  or  at  the  end  of  Cnncfll 
But  M.  Biot,  in  his  Mfmo'tre  mr  le  Zoiliew  rfc  Dmderah,  do< 
not  allow  tlie  planisphere  to  bo  a  Btereographlcal  projection  i 
the  heavens,  and  he  alleges,  in  opposition  to  that  opinion,  that 
the  ecliptic,  a  great  circle  of  the  sphere,  lies  wholly  within  (he 
primitive)  or  circle  bounding  the  representation,  which  i; 
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Irary  to  ihe  principles  of  Uiat  kind  of  projection :  the  ingenious 
authors  of  the  Recherche^  admit,  also,  the  inaccuracy  of  the 
construction,  because  a  circle  described  about  the  centre  of  the 
sculpture,  which  is  the  pole  of  the  world,  passes  through  the  cen- 
tre, or  pole,  of  the  echptic  and  touches,  at  a  point  diametric  ally 
opposite,  the  interior  circumference  of  the  annulus  occupied  by 
the  zodiacal  figures  ;  whereas  in  the  heavens,  or  in  any  such 
projection  of  tlic  sphere  as  is  liere  attempted,  one  of  tlieee  points 
ought  to  be  twice  as  far  as  the  other  irom  the  pole  of  the 
world. 

The  opinion  proposed  by  Biot  is  tliat  the  sculpture  represents 
a  development  oi'  the  whole  sphere,  formed  by  assuming  a  certain 
point  an  the  north  pole  of  tlie  equator  and  drawing  radii,  from 
that  point  as  a  centre,  equal  iu  length  to  half  the  circuinference 
of  the  sphere,  so  that  the  circumference  of  the  exterior  botmdiug 
circle,  or  primitive,  may  be  considered  as  the  pole  opposite  to 
that  in  the  centre  of  fbc  planisphere.  In  support  of  this  hypo- 
thesis Biot  shews  tliat  if  the  mutual  distances  of  the  four  stars 
Arcturus,  Antares,  Fomalhaut  and  &  Pegasi  be  determined  tri- 
gonometrically  on  the  monument,  by  means  of  their  measured 
polar  distances  and  differences  of  right  ascension,  and  compared 
with  the  distances  of  the  same  stars,  found  from  tlieir  kno^Ti 
longitudes  and  latitudes ;  the  differences  between  tlie  results  of 
the  computations  for  any  two  of  the  stars  will  not  exceed  2"  41', 
and  a  nearer  correspondence  could  hardly  be  expected ;  besides 
which,  it  may  be  obsen'ed  that  this  kind  of  deyeh)pment  wotdd 
most  naturally  present  itself  to  the  mind  of  any  one  who  sought 
to  represent,  ou  a  plane,  the  visible  concave  surface  of  a  sphere, 
before  the  mathematical  theory  of  projections  was  invented.  To 
determine  the  epoch  of  this  interesting  monument,  the  author  of 
the  hypothesis  calculates  the  position  of  its  pole  by  tlie  com- 
puted distance  between  two  of  the  four  principal  stars  above- 
mentioned  and  their  distances  from  the  centre,  fouud  by  mea- 
surement; and  he  finds  the  pole  to  be  midway  between  the 
stars  j9  Ursse  Minoris  and  «  Draconis,  a  situation  which  indicates 
the  year  716  Before  Christ.  Tlie  probability  of  the  epoch  thus 
determined  appears  to  be  strengthened  by  the  fact  that  near  the 
place  where,  by  calculation,  Biot  ilnds  the  equinoctial  colure,  is. 
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a  smaD  Hnpocnles  shtmg  OD  m  kCos  ka(  and  witl^ 
he  finds  the  place  of  a  Fischnn  which,  about  the  rear  700  Before 
Christ,  rose  with  the  rernal  equinox,  and  maj  hare  served  as  an 
indication  of  the  time  when  that  point  was  in  the  horizon,  a 
circumstance,  of  some  impoftanoe  in  the  ancient  astronom j  and, 
therefore,  tcit  likely  to  have  prompted  the  artist  to  mark  t^nt 
point  of  the  heavens  bv  some  appropriate  emblem.     Flotaich, 
in  his  treadse  De  I^ide  ei  Omide,  stales  that  the  Egyptians 
represented  the  return  of  the  sun  towards  the  smnmer  solstice 
by  a  child  issuing  from  a  lotus  plant,  and  this  also  may  be  con- 
sidered as  an  argument  in  £iTour  of  the  opinion  that  the  abore- 
mentioned  figure  was  intended  to  represent  the  place  of  the 
equinoctial  point    The  position  of  Sirius  is  found,  by  computa- 
tion, to  be  in  the  stem  of  a  lotus  plant  on  the  top  of  which  is  a 
hawk,  the  symbol  of  the  deity ;  and  this  stem  is  in  the  direction 
of  that  diameter  of  the  sculpture  which  is  parallel  to  the  longi- 
tudinal axis  of  the  temple  and  on  the  northern  side  of  the  centre. 
No  star  is  sculptured  on  this  plant  but  there  is  one  Teiy  near  it 
between  the  horns  of  a  cow,  the  emblem  of  Isis,  to  whom  Sirius 
was  consecrated ;  and  hence  it  is  supposed,  by  Biot,  that  this 
figure  was  intended  as  the  representation  of  the  star  Sirius,  or 
of  the  constellation  Canis  Major.    The  head  of  the  cow  is  near 
the  feet  of  that  figure  which  he  considere  as  the  emUem  ctf 
Cancer ;  and  he  concludes  that  this  disposition  of  the  figures 
has  some  allusion  to  the  simultaneous  heliacal  rising  of  Sirius 
and  the  stars  near  Cancer,  which  took  place  in  the  age  he  has 
assigned  as  the  epoch  of  the  monument    The  line  of  the  sol- 
stices is  placed  accurately  in  the  direction  of  the  meridian,  the 
summer  solstice  being  towards  the  north:  and  a  line  drawn 
through  the  centre  of  the  planisphere,  paraUel  to  the  length  of 
the  temple,  is  inclined  to  the  meridian  in  an  an^e  of  about  17* 
eastward  of  north.     The  heads  of  all  the  figures  are  in  the 
direction  of  the  diurnal  motion  of  the  heavens,  and  the  figures 
follow  each  other  in  the  order  of  the  signs. 

The  displacement  of  Canc»  and  its  introduction  above  Leo 
may  have  been  intended  to  sheiii'  that,  at  the  epoch  of  the 
monument,  the  summer  solstice  was  on  the  confines  of  both 
those  constellalions;  and  the  hawk-headed  human  figure  tBtuatftd 
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between  Gemini  and  Leo  perhaps  expressed  some  quality  of 
Cancer,  on  which  account  it  may  have  been  made  to  occupy 
the  place  of  the  constellation  itself.  Sundry  other  variations  are 
foimd  between  the  figures  sculptured  on  the  Egyptian  plani- 
sphere and  the  constellations  we  have  received  from  the  Greeks, 
which  Biot  endearours  to  reconcile  by  supposing;,  either  that 
the  emblematic  figures  have  been  occasionally  substituted  for 
the  conslcIlatioDS  to  which  they  refer,  or  tliat  an  attempt  has 
been  totuh  to  express  the  positions  assumed  by  the  latter  with 
respect  to  the  meridian  and  horizon :  thus  he  imagines  Ursa 
Major  to  be  fipired  by  the  emblem  of  Tyjihon,  and  the  Ship  of 
Argos,  or  ratlier  of  Osiris,  by  two  human  figures  with  birds' 
heads  and  certain  emblems ;  for  under  the  feet  of  Sagittarius, 
and  diametrically  opposite  to  them,  in  the  sculpture,  is  the  figure 
of  a  ship  accompanied  by  the  like  emblems;  and,  hence,  he 
considers  Uiat  these  figures  have  a  relation  to  each  other,  which 
he  explains  by  the  fact  that,  at  tlie  time  of  the  supposed  epoch 
of  the  monument,  Sagittarius  and  the  Ship  came  on  the  meridian 
together,  the  former  as  much  above  the  horizon  as  the  latter  was 
below  it,  so  that  the  Ship  must  have  appeared  to  be  under  the 
feet  of  Sagittarius.  Groups  of  stars  towards  the  circumference 
of  the  planisphere,  and  in  the  direction  of  a  line  drawn  through 
its  centre  and  l}ie  true  places  of  the  Pleiades  and  Hyades,  are 
supposed,  by  Biot,  to  represent  those  clusters.  The  position  of 
this  temple  seems  to  have  been  fixed  on  by  design,  for  its  south 
and  north  faces  arc  directed  to  a  point  situated  about  17°  Sff 
southward  of  the  east  point  of  the  horizon,  which,  about  the 
year  700  Before  Christ,  is  precisely  the  i)oint  where  Sinus  must 
have  appeared  to  rise. 

In  the  ceiling  of  the  portico  of  the  temple  at  Denderali  is  a 
representation  of  the  signs  of  tlie  zodiac  in  two  rectangular 
bands  parallel,  and  nearly  contiguous  to  the  side  wall :  on  llie 
right  hand,  beginning  at  the  front  of  the  portico,  is  Cancer,  next 
follow  in  succession  towards  the  naos  of  tlie  temple,  Leo,  Virgo, 
IJbra,  Scorpio,  Sagittarius  and  Capricomns ;  then,  on  the  left 
band,  proceeding  from  the  naos  towards  tlic  front  of  the  portico, 
are  the  remaining  five  signs.  Between  Wsces  and  Aries  is  the 
figure  of  a  hog  which  probably  is  not  tn  be  considered  as  one  of 
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Besides  the  scnipCBrcs  al  IKsndezah  tvo  other  R|»eaeBiatioaB 
cf  the  zo<fiacal  si^iis  hare  been  <&scoTeied  in  Eupt,  one  of 
which  is  on  the  ceifing  of  the  portico  in  fiont  of  a  leaple  at 
Esneh  and  the  other,  on  thai  in  finoni  of  a  ssBall  teaqife  at  Ddir 
near  the  tame  citj.  Towards  the  li^pht  hand,  oo  fntmwin^  the 
portico  at  Dehr  and  beginning  with  the  firont,  die  firit  aign  is 
Virgo,  then  foUow  Libra  and  the  rest,  in  order,  to  Aqnanna;  on 
Htm  left  band,  the  first  sign  next  to  the  naos  is  Pisces  ^and  the 
last,  which  is  at  the  front  of  the  pc^tico,  is  Leo.  Over  the  lioo 
is  A  twist4)d  serpent  which,  if  intended  to  represent  the  son,  may 
imlicati*  thai  the  luminary  was  in  this  consleIlati<Hi  at  the  end  of 
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tho  year.  In  this  zodiac,  as  well  as  in  that  of  iJie  portico  at 
Dendc^rali,  tlic  arrangement  of  Uie  figures  is  according  to  the 
order  of  the  signs  in  the  heavens ;  Cancer  or  Leo,  in  the  latter, 
being  the  leading  constellation,  and  Virgo,  in  the  other.  In  the 
ceiling  of  the  portico  of  the  great  temple  at  Esneh,  the  zodiacal 
signs  are  in  two  parallel  and  nearly  contiguous  hands,  extending 
between  two  rows  of  columns  on  the  left  hand  aide  of  the  portico, 
on  entering.  The  order  of  the  figures  is  contrary  to  thai  in  the 
other  temples,  and  to  the  order  of  tlie  signs  in  the  heavens.  A 
sphinx  haring  a  lion's  body  and  a  woman's  head  is  tlie  sign 
nearest  to  the  front  of  the  portico  and  the  constellations  follow, 
in  order,  towards  the  naos,  those  in  this  band  ending  with 
Aquajius;  in  tho  other  band,  the  first  constellation  is  Pisces  and 
the  othere  follow  in  order  towards  the  front  of  the  portico,  but 
after  Leo  come  two  human  figures  with  lions'  heads,  a  circum- 
stance which,  taken  in  connection  with  that  of  the  sphinx  m  the 
other  band,  has  given  rise  to  an  opinion  that  tlie  division  of  the 
scries  of  signs  in  the  two  bands  was  intended  to  taJio  place  in 
the  middle  of  Loo ;  and  the  opinion  is  etrcngthcned  by  the  ex- 
istence of  a  small  scarabeus  between  l/jo  and  Vii^o,  denoting, 
probably,  tlie  presence  of  the  sun  in  the  former  of  these  con- 
stellations at  the  commencement  of  the  year. 

The  principle  laid  down  by  Dr.  Yoimg  in  determining  the 
epoch  of  any  monument  Irom  the  astronomical  symbols  it  may 
contain,  is  that  those  dymbols  represent  the  state  of  the  heavens 
with  respect  to  the  season  of  Uie  year  at  the  epoch  sought ;  and, 
in  applying  this  principle  to  the  problem  concerning  the  anti- 
quity of  the  Egyptian  zodiacs.  Dr.  Young  first  aitsumes  that  the 
place  in  (lie  heavens  occupied  by  the  sun  at  the  commencement  of 
the  ORffEMt'tf^tM retrograded  through  one  sign  in  about  119  years, 
or  through  the  whole  zodiac  in  1424  years,  (a  period  founded  on 
a  comparison  of  tlie  Egyptian,  with  the  sidereal  year ;)  and  then, 
considering  that  tho  former  began  on  the  day  of  the  autumnal 
equinox  in  the  year  120  b.c,  (ISO  B.C.) ;  it  follows  tliat  Virgo 
must  have  been  firom  that  time  till  the  eleventh  year  b.c.  the 
leadjng  sign  of  the  zodiac,  or  the  sign  preceding  that  in  whicli 
the  sun  was  on  the  first  day  of  Tholh ;  tliat  Libra  must  have 
been  tlie  leading  sign  firom  the  year  240  B.C.  to  130  B.C.  and  so 
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on,  reckoning  backward:  while  Leo  would  hare  been  the  lead- 
ing sign  from  1 1  B.C.  to  108  a.c.  Cancer,  from  thence  to  the  jeir 
227  A.c.  and  so  on.  If  this  celebrated  and  learned  antiquary  had 
compared  the  Egyptian  with  the  tropical  year,  which  would  seem 
to  have  been  a  more  correct  method,  the  commencement  of  the 
annus  vagus  would  have  retrograded  through  one  sign  in  about 
125  years,  and  through  the  ecliptic  in  1506  years. 

But,  according  to  Dr.  Young,  if,  in  the  zodiacs  of  Denderah,  we 
take  Leo  to  be  the  leading  sign,  the  corresponding  epoch  of  the 
monument  wiU  be  between  the  year  11  B.C.  and  108  A.C.,  or  in 
an  age  earlier  by  1500  years,  or  by  some  multiple  of  that  nundier 
of  years.  And,  in  the  zodiac  at  Esneh,  if  we  take  Ksces  to  be 
the  leading  sign,  the  epoch  would  be  about  the  year  800  B.c. ; 
if  we  take  Virgo,  it  will  be  the  century  immediately  preceding 
the  commencement  of  our  era,  or  1500  years  earlier. 

Before  the  discovery  of  the  astronomical  sculptures  in  Egypty 
an  unfounded  opinion  that  the  twelve  signs  of  the  zodiac,  which 
were  supposed  to  have  been  invented  in  that  country,  rei»esent, 
allegorically,  the  agricultural  labours  peculiar  to  each  of  the 
twetvc  months  of  the  year,  led  M.  Dupuis,  in  his  treatise  on  the 
Origine  des  cultes*^  to  enquire  what  position  of  the  colures 
would  produce  a  correspondence  of  the  seasons  with  the  zodiacal 
signs  ;  and  he  finds  that  such  correspondence  would  take  place 
if  the  summer  solstice  were  to  pass  through  the  eastern  stars  in 
the  assemblage  which  forms  the  constellation  Capricomus.  This 
position  of  the  colure  is  supposed  by  him  to  determine  the  time 
when  the  zodiac  was  first  divided,  which,  according  to  the 
known  movement  of  the  solstitial  points  in  longitude,  would  be 
about  15,000  years  before  Christ.  But  the  belief  of  even  the 
existence  of  man  during  tlie  long  interval  between  this  period 
and  that  of  the  earliest  records,  requiring  too  great  a  measure  of 
credulity,  the  author  of  tlie  hypothesis  changed,  as  it  is  said,  his 
idea  and  supposed  tlic  proper  name  of  each  sign  to  have  been 
given,  not  from  tlie  character  of  the  constellation  occupied  by 
the  Sim  in  any  particular  month,  but  firom  that  of  the  constella- 
ti(m  diametrically  op])osite  to  this,  and  ascending  above  the 
horizon  at  tlie  time  of  sun-scttuig.     Thus  when  the  sim  ha& 

•  Tom.  III. 
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passed  through  Aries;  at  tJie  Uine  ol'  his  setting,  the  constella- 
lion  Libra  will  be  Been  rising  and,  therefore,  the  latter  denomi- 
nation may  have  indicated  the  equality  in  the  lengths  of  the  days 
and  nights  at  tlie  commencement  of  the  sjiring  quarter,  a  circum- 
stance to  which  Aries  has  no  reference :  this  supposition,  suffi- 
ciently reasonable  in  itself,  receives  additional  strength  from  the 
practice  which  has  been  found  to  prevail  among  tlie  Hindus  and 
Chinese,  of  denominating  the  divi^sions  of  tlieir  zodiacs  in  a  si- 
milar manner ;  and,  if  admitted,  il  would  ihence  follow  that, 
since  the  summer  solstice  umst  have  coincided  witli  the  eastern 
stars  of  Cancer,  the  origin  of  tlie  Egyptian  zodiac  might  be 
fixed  at  about  the  year  20OO  before  the  Christian  era.  Such  is 
the  position  of  the  colure  in  the  circular  planisphere  at  Dende- 
rah ;  and  the  colure  of  the  zodiac  at  Dehr  being  supposed  to 
pass  through  the  western  stare  of  Virgo,  tJie  epoch  of  this  monu- 
ment would  be  about  2000  years  earlier. 

But  M.  Biot,  in  the  work  above  quoted',  having  determined 
the  position  of  tlie  pole  of  the  world,  in  the  planisphere  at  Den- 
derah,  to  correspond  with  its  jilaee  in  the  heavens  about  the 
year  713  Before  Christ,  takes  tliis  for  the  period  to  which  llio 
view  of  the  celestial  sphere  represented  in  that  monument  be- 
longs ;  then,  by  an  ingenious  argument  founded  on  the  positions 
of  the  longitudinal  axes  of  the  tliree  temples  witli  respect  to  the 
meridian,  he  accounts  for  tlie  diSerence  in  the  situations  of  the 
leading  signs  m  all  tlie  zocUaes,  and  arrives  at  the  conclusion 
that  these  monuments  have  neaily  the  same  antiqiuly.  He  ob- 
serves that,  in  the  circular  planisphere,  the  meridian  line, 
which  deviates  from  tlie  longitudinal  axis  of  the  temple  about  17 
degrees  eastward  of  north  and  passes  through  Cancer  and  Ca- 
pricomus,  divides  the  zodiacal  signs  in  such  a  manner  that  the 
commencement  of  I-eo  is  on  the  soutlicm  or  upper  side  of  the 
meridian  with  respect  to  the  horizon ;  the  western  signs  appear 
to  be  descending  towards  tlie  northern  or  inferior  side,  and  the 
other  six  signs  to  be  ascending ;  aud  this  is  tlie  order  in  which 
the  signs  are  placed  in  tlie  portico  of  the  same  temple,  where  the 
eastern  signs  proceed  towards  the  naos  as  if  to  enter  the  temple, 
■  Piige  126, 
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and  the  othen  have  their  head*  tnnied  in  the  f€m^^M^\  dixectiaa 
as  if  they  were  quittiiig  it. 

But  if^  in  the  planisphere  at  Dendriah,  a  fine  dnvn  throng 
the  centre  of  the  dicolar  zodiac  and  the  loCns  stem  in  which 
Sirius  is  pkced  be  turned  in  the  diiectian  of  the  longiUidinal 
axis  of  the  temple  at  Ddir,  which  deviates  from  the  SKridian  71 
degrees  eastward  of  north,  then  a  meridian  fine^  dnwii  throng 
the  centre  of  the  zodiac,  will  divide  the  si^m  so  dial  Tiigo  i^ 
pears  to  be  cnlminating,  or  on  thesoathem  side  of  the  meridian; 
the  western,  or  descending  signs,  begin  with  this  and  end  with 
Aquarius ;  and  the  ascending  signs  begin  with  Fisoes  and  end 
with  Leo ;  which  is  precisely  the  arrangement  of  the  consldla- 
tjons  in  the  portico  of  the  temple  at  Dda.  Lastly,  if  the  lotns 
nUitn  in  the  circular  planisphere  be  tamed  in  the  direction  of  the 
temple  at  Esneh,  which  deviates  from  the  meridian  47  d^;rees 
eoHtward  of  north,  the  middle  of  Leo  will  be  on  the  sootheni 
side  of  the  meridian,  so  that  half  of  this  coostdlation  will  appear 
to  Ik;  descending  and  the  other  haU^  to  be  ascending^  agreeably 
U}  the  disposition  of  the  figures  in  the  rectangular  zodiac  of  the 
temple  at  Ksneh. 

As  it  is  scarcely  probable  that  these  coincidences  are  accidental 
we  may,  perhaps,  be  allowed  to  consider  them  as  arguments  in 
favour  of  tlio  hypothesis  proposed  by  Biot,  and  to  conclude  that 
the  intention  of  the  artists  who  executed  the  different  zodiacs 
was  U)  exhibit  a  representation  of  the  heavens  about  that  hour 
at  which  Sinus  arrived,  by  the  diurnal  motion,  in  a  vertical 
plane  passing  through  each  temple.  But  though  the  epoch  of 
all  the  monuments  be  thus  referred  to  about  the  year  700  Before 
(yliriKty  tliero  are  proofs  that  the  temples  themselves  are  of  much 
mffre  recent  date.  M.  Champollion  the  Younger  has  recog- 
nizcsdy  in  the  contour  of  the  circular  zodiac  at  Denderah,  the 
choracicTs  which  express  the  word  Autocrat ;  M.  Letroime,  also, 
and  M.  Gau  liave  discovered^  in  the  porticos  of  the  same  temple, 
and  of  one  of  those  at  Esneh,  inscriptions  showing  that  the 
former  was  built  in  tlie  time  of  Tiberius ;  and  the  latter,  during 
the  reigns  of  the  Antonines.  Architects  have,  besides,  observed 
that  the*  temple  at  Dcuderah  is  built  upon  the  foundation  of  one 
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still  more  ancient ;  and  Uie  advocates  for  the  great  antiquity  of 
tho  ECulptuTus  are  under  the  necessity  of  assuming  that  these 
scientific  decorations  have  been  copied  from  others  of  a  like 
kind,  which  may  be  supposed  to  have  existed  on  the  orij^al 
edifices. 

M,  Fourrier,  in  his  Description  de  CEijypte,  supposes  that  the 
figures  of  lions,  wliieh  so  often  occur  among  the  hieroglj'phics 
and  statues  about  the  temples  of  that  country,  were  intended  to 
commemorate  Ihc  presence  of  the  sun  in  Uie  constellation  Leo 
on  the  day  of  the  summer- solstice ;  and,  imagining  that  as  early 
as  2500  years  Before  Christ  the  sun,  on  that  day  of  the  year, 
had  left  Leo  to  enter  into  Cancer,  he  infers  that  those  temples, 
mentioning  particularly  that  of  Isis  at  PIuIeg  (the  approach  to 
which  is  ornamented  witli  rows  of  lions)  must  have  been  built 
previously  to  that  time ;  but  as  the  supposition  is  gratuitous, 
and  we  have  seen  that  the  sun  was  in  Leo  at  the  heliacal  rising 
of  Sirius  in  Egypt  during  all  the  lime  the  empire  existed,  the 
inference  drawn  by  M.  Fourrier  falls  to  the  groimd,  and  tlie  cor- 
respondence of  the  emblems  with  tlie  phenomena  holds  good 
for  a  period  much  later  than  2500  years  before  the  commence- 
ment of  our  era. 

A  taste  for  astronomical  ornaments  must  have  anciently  ex- 
isted in  Persia  and  In<lJa,  to  tlie  latter  of  which  countries  it  was 
probably  brought  at  some  period  wheu  the  religion  and  learning 
of  Egypt  were  extensively  diiTiised  among  the  nations  of  the 
East.  A  marble  monument,  supposed  to  be  a  Chaldean  zodiac, 
having  on  one  of  its  faces  a  solar  orb  with  a  large  serpent,  which 
may  be  conceived  to  be  that  of  Ophiuchus,  besides  several  other 
figures  appearing  to  represent  constellations,  has  been  dug  out 
of  the  ruins  of  a  palace  on  the  banks  of  the  Tigris  near  Bag- 
dad*. And  in  the  Pliilosophical  Transactions  for  1772  is 
inserted  a  letter  from  Mr.  Call  to  Dr.  Maskelj-nc  contmning  the 
description  of  a  zodiac  which  the  writer  had  seen  in  a  temple 
near  Cape  Comorin.  It  is  stated  to  consist  of  twelve  constella- 
tions, disposed  on  the  four  sides  of  a  square,  in  the  centre  of 
which  is  the  figure  of  a  man  having  his  hands  joined  as  in 
prayer.     Tlie  constcllatiouB  resemble  those  which  we  have  re- 

*  JUaudce,  Appeudii  tu  Uic  Ruiiii  or  Ilahyloa. 
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ccivcd  from  the  Greeks  except  that  Gemini  are  expressed  by 
one  figure,  which  is  that  of  a  man  having  a  buckler  on  each  arm, 
and  that  Capricorn  is  represented  by  a  ram  and  a  fish,  which  it 
may  be  observed,  and  the  circumstance  may  be  considered  as 
an  argument  in  favour  of  the  antiquity  of  the  monument,  were 
probably  the  original  figures  by  whose  union  that  of  the  Greek 
constellation  was  formed.  The  near  resemblance  of  the  Egyp- 
tian or  Greek  zodiacs  to  that  of  the  ancient  Hindus  and, 
consequently,  the  fact  of  an  ancient  communication  between 
these  people  on  the  subject  of  astronomy  is  further  proved  from 
the  MS.  of  Aben  Ezra,  in  which,  according  to  Scaliger,  in  his 
notes  upon  Manilius,  there  is  a  description  of  a  Hindu  zodiac 
resembling  that  seen  by  the  English  traveller  just  mentioned, 
but  wanting  the  sign  Scorpio,  and  having  a  fisherman  in  the 
place  of  Aquarius. 

Sculptured  zodiacs,  by  Greek  or  Roman  artists  appear,  also, 
to  have  been  executed  during  the  existence  of  the  Western  Em- 
pire, j)robably  in  imitation  of  some  of  those  in  Egypt.  The 
most  interesting  of  these  is  that  discovered  by  Messrs.  Dawkins 
and  Wood  on  tlie  ceiling  of  the  temple  of  the  Sun  which  was 
built  at  Palmyra  in  the  age  of  Antoninus  Pius  or  of  Diocletian. 
In  this  moimment  the  twelve  signs  ore  disposed  in  the  circum- 
ference of  a  circle,  but  they  appear  to  be  moving  in  a  direction 
contrary  to  that  of  the  constellations  in  the  heavens,  as  if  a  mere 
tasU;  for  variety  in  ornament,  rather  than  any  scientific  principle, 
had  been  consulted  in  tlie  execution.  In  the  M^moire^  de 
VAcadcmle  dt's  Sciences  for  1708,  there  is  a  description  of  an 
ancient  planisphere  wliich,  like  the  last,  is  evidently  nothing 
more  than  a  fanciful  decoration ;  it  was  found  among  the  ruins 
of  Rome  and  represents  the  noiihem  hemisphere,  with  Urste 
Major  and  Minor  and  the  figure  of  a  serpent  in  the  centre ;  and 
having  about  it  tlie  signs  of  the  zodiac  three  times  repeated,  in 
as  many  concentric  circles. 

Hie  astronomy  of  the  ancient  Persians  aj)pears  to  have  been 
a  branch  of  that  which,  from  tlic  country  of  the  Chaldeans,  ex- 
tended itself  at  some  miknown  but  remote  period  to  Egypt  and 
Europe  on  the  one  side,  and  to  India  and  China  on  the  other ; 
and  the  occasional  notices  concerning  it,  which  occur  in  the 
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Zeiul-AvcBta,  may  be  offered  as  proofs  of  tlie  opiuioii  that  the 
study  of  the  heavens  was  of  high  antiquity  in  the  territories  si- 
tuated immediately  on  tlie  east  of  tliat  wliich  is,  with  much 
probability,  considered  as  the  birth-place  of  tlie  science.  This 
work  is  ascribed  U>  a  cerlaiu  Zoroaster  of  whi>m  no  other  par- 
ticulars have  reached  ut^  thau  that  he  was  a  great  legislator  and, 
perhaps,  the  sovereign  of  that  part  of  A^a :  the  time  of  his  ex- 
istence, also,  is  as  uuccrlain  as  that  of  the  Egyptian  Hormes ; 
and,  probably,  the  name  of  the  foimcr  as  well  as  of  the  latter 
has,  at  difierent  times,  been  applied  to  different  individuals, 
since  by  some  he  is  made  a  contemporary  of  Bclus,  by  others, 
of  Darius  Hystaspes. 

In  the  Boundehesch,  a  work  containing  the  cosmogony  of  the 
Parses  and  supposed  to  have  been  written  by  Zoroaster,  it  is 
stud  that  Ormusd  formed  llie  light  between  the  heavens  and  the 
earth :  that  be  made  the  sun,  moon,  and  stars,  and  divided  the 
Jatter  (probably  those  near  the  ecliptic)  into  twelve  constella- 
tions. Each  star  in  the  zodiac  is  said  to  be  seconded  by 
6,480,000  smaller  stars,  and  all  tliesc  art^  represented  as  soldiers 
ready  to  make  war  on  the  enemies  (of  Nature).  Ormusd,  it  is 
added,  has  also  placed,  in  the  four  quarters  of  heaven,  four  sen- 
tinels to  watch  over  the  stars;  of  tliese  Taschler  guards  the 
east ;  Satcvis,  the  west ;  \'cnana,  the  south,  and  Uaftorang, 
the  nortli ;  there  is  said  to  be,  also,  a  great  star,  Mesthgah,  in 
the  midst  of  heaven  for  the  purpose  of  giving  further  jirotection 
to  the  south  when  tlie  onnny  comes  in  great  numbers  •,  Now 
it  is  impossible  to  form  an  opinion  what  can  be  meant  by  this 
enemy  so  mysteriously  announced ;  but  the  above  designation  of 
the  stars  seems  to  correspond  with  "  'Die  Hont  of  Heaven" 
which  is  used  in  the  Scriptiu^s,  and  wiUi  "  the  atlendaiils,  or 
t/iuirtU  of  the  Siipretne  Deily"  which  is  the  denomination  ap- 
plied by  the  Egyptiims  to  some  of  the  constellations  and 
planelK ;  and  it  has  been  attempted  by  modem  astronomers  to 
prove  that  four  of  the  principal  fixed  stars  nere  really  situated 
in,  or  near,  the  four  cardinal  pointjs  of  the  horizon  about  the 
year  2200  h.v.  which  is  the  period  usually  assigned  to  the  first 
Choldeau  observations.  Delambre  remarks  tliat  tlie  longitude 
'  Zeud-AvMW  psr  M.  Amiuetil,  Tom.  JI.  BuundulttMcli. 
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of  Aldebaran,  at  that  epoch,  was  11^  20',  and  its  latitude, 
5°  30'  south ;  and  as  Antares  differs  from  Aldebaran,  in  longitude, 
by  six  signs  and  has  4°  30'  south  latitude,  it  follows  that  these 
stars  were,  then,  verj  nearly  in  the  points  of  the  vernal  and  au- 
tumnal equinoxes ;  consequently  one  of  them  would  be  seen  to 
rise  near  the  east  about  the  time  that  the  other  was  setting  a 
little  to  the  north  of  the  west  Now,  it  has  been  alleged  that 
Tachter  signifies  the  genius  presiding  over  rain,  and  we  know 
ihat  the  heliacal  rising  of  Aldebaran  was  considered  by  the  an- 
cients as  an  indication  of  approaching  storms ;  hence  it  is,  with 
some  propriety,  inferred  that  this  star  and  Antares  were  two  of 
ihose  alluded  to  in  the  Persian  story.  The  other  two  stars  are 
less  certain ;  Delambre  supposes  they  might  be  Fomalhaut  and 
Regulus,  which  were  th^n,  nearly,  in  the  plane  of  the  solstitial 
colure,  and  the  former  would  be  visible  in  the  south  at  an  alti- 
tude of  about  12  degrees  above  the  horizon  at  Babylon,  while 
Antares  and  Aldebaran  were,  respectively,  rising  and  setting  t 
but  Regulus  must  have  been  34  degrees  below  the  northern 
point  of  the  horizon^;  consequently  invisible  at  the  same  hour, 
in  that  latitude.  If,  therefore,  it  was  meant  that  the  four  stars 
were  at  once  seen  in  the  situations  above  mentioned,  we  must 
look  for  some  other  star  having  the  same  longitude  as  Regulus, 
but  having  at  least  34  degrees  of  north  latitude ;  the  star  r  in 
Ursa  Major  is  so  situated  and  it  is  possible  that  this  might  be 
the  star  in  question.  M.  Bailly  *  observes  that  the  notion  of 
four  stars  guarding  the  heavens  seems  to  have  extended  to 
China,  for,  in  the  history  of  the  astronomy  of  the  Celestial  Em- 
pire, it  is  said  that  there  are  four  spirits  which  preside  over  the 
four  seasons,  meaning  probably  the  four  quadrants  of  the  zodiac ; 
and  it  is  likely  enough  that  this  kind  of  observation  would  be 
made  by  any  people  among  whom  astronomy  was  in  its  in- 

fimcy. 

If  we  are  to  admit  that  the  particular  dispositions  of  the  tem- 
ples at  Denderah  and  Esneh  in  Egypt  were  really  given  by 
design,  we  shall  hardly  be  able  to  avoid  concurring  vrith  Dr. 
Stukely  in  that  part  of  his  hypothesis  concerning  the  Druidical 
monuments  at  Stonehenge  and  Abury  in  Wiltshire,  which  re- 

'  Attronom.  Ancienne  Edaircsis.  liv.  IX.  sec  10. 
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latna  to  ihc  direction  of  their  longitudioal  axes.  The  former  of 
these  is  well  known  to  consist  of  a  great  number  of  prismatic 
stones  placed  un  end  in  the  peripherieb  of  four  ellipses  whose 
major  and  minor  axes  are,  respectively,  in  the  same  right  lines ; 
the  interior  ellipse  enclosing  an  area  or  cella :  tlie  entrance  is 
supposed  to  have  been  at  one  extremity  of  tlie  major  axis  and 
oppo^te  to  it,  witliin  the  area,  is  a  stone  which  seems  to  hare 
been  used  as  an  altar.  The  Doctor's  opinion  is  that  the  founders  of 
the  monument  intended  to  dispose  that  axis  in  a  direction  tending 
from  the  south-west  to  the  north-east,  and  to  place  the  entrance 
opposite  to  the  latter  point  of  the  horizon  in  order  that  it  might 
receive  the  first  rays  of  the  rising  sun  on  the  day  of  the  suramcr- 
Bolslice ;  it  being,  he  obserres,  the  custom  of  the  ancients  to 
celebrate  their  great  festirols  at  that  season".  The  principal 
part  of  the  work  at  Abury  consists  of  one  great  range  of  stones, 
enclosing  a  circular  area,  within  which  are  two  double  circular 
ranges,  respectively  concentric  with  each  otlier  but  neitiier  of 
them  having  its  centre  coincident  willi  Uiat  of  the  former  and 
containing  circle :  a  line  joining  the  centres  of  tlie  two  double 
circles  is,  also,  supposed  by  Dr.  Stukely  to  Lave  been  intended 
to  coincide  nith  that  joining  the  north-east  and  south-west 
points  of  the  horizon ;  but  he  observes  that,  in  the  temple  at 
Stonehenge,  the  major  axis  deviates  six  or  seven  degrees  south- 
ward from  the  north-east  point  and,  in  lliat  at  Abury,  the  line 
of  the  centre  lies  about  ten  degrees  northward  from  the  same 
point  Now  tlicse  cUfierent  deviations,  which  may  easily  be 
conceived  to  be  accidental,  or  to  depend  upon  the  situations  of 
the  points  in  which  the  sun  fu^t  became  visible,  on  the  day  of 
ihe  solstice,  above  an  horizon  broken  by  the  irregularities  of  the 
ground,  are  by  Dr.  Stukely  supposed  lo  have  resulted  from  the 
omployment  of  a  mariner's  compass  to  determine  the  directions 
of  the  axes  of  the  temples ;  tlie  needle  being  subject  to  a  vario- 
tJon  which  is  different  in  different  ages,  and  the  priests  of  the 
country  being  supposed  to  have  considered,  erroneously,  that  it 
coincided  in  direction  with  the  true  meridian  of  tlie  place.  We 
conceive  it  unnecessary  to  offer  any  argument  lo  disprove  the 
opinion  that  tliese  monuments  were  iirieittcd  l»y  means  of  a 
*  SloiiiUciigt  Ruiiored, 
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compass,  it  being  highly  improbable  that  such  an  instrument 
would  be  used  for  that  purpose,  when  the  heavens  present  so 
many  phenomena  by  which  the  end  might  be  gained  with  much 
more  ease  and  accuracy. 

The  opinion  advanced  by  Dr.  Stukely,  that  the  Druidical  mo- 
numents of  this  country  were  erected  by  the  priests  who  were 
driven  from  Egypt  by  Cambyses,  though  not  impossible,  is 
wholly  unsupported  by  evidence ;  they  are,  however,  of  great 
antiquity,  and  works  of  a  similar  kind  appear  to  be  frequently 
met  with  in  the  East,  as  we  learn  from  Giovanni  Finati,  in  the 
second  volume  of  his  life  *,  where  it  is  stated  that  at  Djerash, 
the  ancient  Gerasa,  and  at  Mayn,  near  the  Dead  Sea,  the  sup- 
posed Baal-Meon  of  the  Scriptures,  a  number  of  great  slabs  of 
stone  have  been  set  together  like  boxes,  four  standing  edgewise 
for  the  sides  and  one  laid  flat  on  die  top,  without  any  sign  of 
art  about  them  except  their  position.  There  is  no  appearance 
that  these  works  have  any  relation  to  astronomy,  but  their  re- 
semblance to  the  Cromlechs  of  the  north  reveals  an  accordance 
of  ideas,  and  afibrds  ground  to  suspect  that,  in  remote  periods, 
there  may  have  been  an  intercommunication  between  the  people 
of  the  widely  separated  regions  of  Syria  and  Britain.  That  the 
monuments  at  Stonehenge  and  Abury  were  not  imknown  to  the 
orientals  is  rendered  probable  from  a  passage  in  the  second  book 
of  Diodorus  Siculus  where  the  writer,  citing  Hecateus,  states 
that  there  is  an  island  in  the  north,  beyond  the  Celtas,  where  is  a 
sacred  grove  with  a  circular  temple  to  which  the  priests  resorted 
with  their  harps,  to  chant  the  praises  of  Apollo  who,  every  nine- 
teenth year,  used  to  descend  and  converse  with  them.  It  is 
difhcult  to  refuse  our  assent  to  the  opinion,  expressed  by  Mau- 
rice, in  his  Indian  Antiquities  ^,  that  the  statement  refers  to  such 
works  as  those  above  mentioned;  and  the  periodical  visit  of 
Apollo  seems  to  imply  that  the  Druids  were  acquainted  with  the 
lunar  cycle ;  but  it  will  not  be  necessary  to  follow  the  author  of 
the  work  last  quoted  in  his  supposition  that  the  elliptical 
temples  of  the  Druids  were  designed  in  imitation  of  the  foims  of 
the  planetary  orbits,  or  that  the  crescent  temples  in  Ang^i 

"  Life  of  Finati,  by  Bauk».  t  Vol.  VI. 
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and  Orkney  were  defeated  to  the  Moou.  We  may  obseire 
here  that  the  astronomy  of  the  Greeks  and  Orientals  seems, 
about  the  commencement  of  Uie  Christian  era,  to  have  reached 
the  north  of  Europe  ;  for  Csesar,  describing  the  manners  of  the 
Gauls,  says '  "  the  Dniids  teach  many  things  relating  to  the  stars 
and  their  motions,  Uie  magnitude  of  the  earth  and  the  universe, 
the  nature  of  things  and  the  powers  and  prerogatives  of  the  im- 
mortal gods":  and  it  is  probable  that  what  was  tauglit  by  that 
order  of  men  in  Gaul  was  taught  also  iu  Briton,  which  seems  to 
have  been  the  cMef  seat  of  the  hierarchy. 

The  use  of  the  sokr  year,atancarly  age,  is  ascribed  byBaiUy'' 
to  the  Scandinavians  on  tlie  ground  that  in  the  time  of  Glaus 
Magnus,  about  the  year  1000  of  our  era,  ihey  were  accustomed  to 
celebrate  on  the  forty-fifth  day  after  the  winter  solstice  a  certain 
festival  which,  as  Rudbeck  asserts,  in  his  treatise  de  AtUinlica,  was 
originally  intended  to  take  place  at  the  first  appearance  of  the  sun 
after  being  forty  days  inWsible  ;  that  is  on  tlie  twentieth  day  afl*r 
the  said  solstice ;  and  tiie  conclusion  of  Bailly  is  that,  between 
the  first  institution  of  the  festival  and  the  time  of  Olans  Magnus, 
the  period  was  retarded,  with  respect  to  the  solstice,  by  twenty- 
five  days  in  consequence,  he  supposes,  of  the  length  of  the  year 
being  assumed  at  365^  days ;  this  retardation  corresponds  to  an 
interval  of  3300  years  and,  therefore,  he  considers  that  Uie  origin 
of  the  festival  and  the  introduction  of  the  solar  year  in  tliat  part 
of  the  world  look  place  about  the  year  2300  Before  Cluist.  But 
M.  Bailly  should  have  remsu-ked  tiiat  by  using  a  year  of  365 
days  the  celebration  of  the  festival  would  anticipate  the  season 
by  about  a  quarter  of  a  day  yearly,  and  this,  at  the  end  of  about 
1480  years,  would  bring  it  to  the  forty-fiAh  day  after  the  solstice; 
consequently  its  first  institution  might  be  dated  fi'om  about  the 
year  400  Before  Christ.  And,  if  we  consider  that  the  climate  in 
which  the  sun  remiuns  below  tlie  horizon  during  forty  days 
passes  through  the  middle  of  Lapland,  it  will  not  appear  proba- 
ble that  the  festival  in  question  should  have  any  pretensions  to 
a  higher  antiquity. 

■  De  BeUo  Galtica,  Lib.  VI.  at^t.  1.1. 

*  Bailly,  A)tr.  Anc  Edairdn.  liv.  III.  seO.  3. 
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CHAPTER  VIII. 

ORIGIN  OF  ASTRONOMY  AMONG   THE   GREEKS. 

A  theory  of  the  celestial  movements  developed  in  the  Greek  astronomy. — 
The  Greek  astronomy  probably  derived  from  the  Egyptian. — Thales  esu- 
blished  the  first  school  of  Greek  philosophy. — Works  ascribed  to  him. — He 
predicts  an  eclipse  of  the  sun. — Tenets  of  Anaximander.— Removal  of  the 
school  of  Thales  to  Athens.^  Theory  of  the  universe  ascribed  to  Anaxa- 
goras. — Opinions  of  this  philosopher  concerning  the  stability  of  the  heavenly 
bodies. — Sentiments  of  the  Greek  astronomers  concerning  the  sun  and 
moon.^  A  supposed  change  in  the  position  of  the  earth's  axis.— An  opinion 
concerning  meteoric  stones.— Doctrines  of  Anaximenes. — The  school  of  Py- 
thagoras  in  Italy. — Opinion  of  the  mobility  of  the  earth. — Of  an  antochthone 
and  invisible  planets. — Harmony  of  the  celestial  spheres.— Hypothesis  of 
vortices  proposed  by  Democritus.— The  lunar  cyde  of  Philolaus. — The  cycles 
of  Meton  and  Calippus. 

In  attempting  an  account  of  the  ancient  astronomy  of  the  East 
we  have  been  compelled,  from  the  paucity  of  documents,  to  de- 
scribe the  probable  rather  than  the  real  march  of  discovery,  and 
to  reason  from  conjectures  rather  than  from  facts :  we  now  pro- 
ceed to  consider  the  ajstronomy  of  the  Greeks  and  later  Egyptians 
whose  yet  existing  works  exhibit  the  progress  of  the  human 
mind  in  investigating  the  laws  of  the  celestial  movements,  and 
in  inventing  a  mechanism  which  may  represent  them.  We 
must  not,  indeed,  expect  to  find  a  complete  development  of 
that  principle  by  which,  in  the  age  immediately  preceding  our 
own,  the  true  cause  of  those  movements  has  been  explained  and 
the  constitution  of  the  universe  made  evident ;  yet  we  shall  per- 
ceive so  many  hints,  obscurely  indeed  announced,  but  indicating 
a  conception  of  the  hypotheses  now  generally  admitted,  and  of 
the  facts  which  recent  observations  have  confirmed,  as  almost  to 
justify  the  opinion  entertained  by  a  late  French  author  that  the 
most  important  discoveries  ascribed  to  the  modems  originated, 
or  were  recognized,  in  the  schools  of  Greece.  But  though  it  is 
certain  that  such  an  opinion  is  not  supported  by  a  reasonable 
interpretation  of  the  expressions  used  by  the  ancient  philoso- 
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phers,  yet  we  shall  find  sufficient  cause  to  admire  the  sagacity 
which,  with  obsenations  of  so  rude  a  nature  as  those  they  had 
it  in  their  power  to  make,  and  with  a  calculus  so  far  inferior  to 
that  which  we  now  possess,  enabled  tliem  to  account  for  so  many 
of  the  phenomena  of  the  heavens,  and  to  ofTer  so  feasible  a  solution 
of  the  great  problem  of  tlie  celestial  motions.  It  must  also  he 
observed  that  the  system  of  the  universe  invented  in  those 
schools  maintained  its  ground  during  more  than  two  thousand 
years,  and  only  yielded  to  the  improTemcnts  made  in  the  instru- 
ments of  observation  since  the  revival  of  learning  in  Eiuope. 
These  improvements,  joined  to  the  happy  adoption  of  a  principle 
either  unknown  or  but  htUe  regarded  before  his  time,  permitted 
Newton  to  unfold  a  theory  which  is  not  hkely  to  be  shaken 
during  the  continuance  of  that  order  of  things  which  it  has  so 
satisfactorily  explained. 

All  Die  more  ancient  hj'potlieses  may  be  said  to  hare  had  their 
use  in  connecting  together  the  results  of  indi\-idual  observations; 
and  thus,  have  contributed,  in  some  measure,  to  the  progress 
of  science ;  but  it  was  impossible  that  they  should  stand  when, 
by  multiplied  observations,  the  minute  irregularities  in  every 
part  of  the  orbit  of  the  Moon,  or  of  each  planet,  were  discovered. 
The  first  two  principles,  the  circular  and  uniform  motions  of 
celestial  bodies,  were  arbilrary  assumptions,  and  the  original 
^stem  formed  upon  lliem  was  insufficient  to  accoimt  for  any 
but  the  most  obvious  phenomena ;  and,  instead  of  being  able  to 
deduce  fi-om  it  the  explanation  of  any  newly  observed  inequality 
of  motion,  astronomers  were  obliged,  for  tliis  purpose,  to  make 
additions,  in  the  nature  of  excrescences,  to  the  machinery  before 
imagined.  These  additions,  however,  did  not,  as  may  be  sup- 
posed, combine  with  each  oQier  and  with  the  origuiol  hypothesis 
so  as  to  satisfy  the  different  phenomena ;  .'md,  in  fact,  it  hap- 
pened that  while  one  inequality  of  motion  was  explained  by 
them  another  was  contradicted  ;  tliey,  moreover,  at  length  ren- 
dered the  machinery  of  llie  heavens  imnjauageably  complex, 
and,  therefore,  nearly  useless  for  the  purpose  of  facilitatuig  astro- 
nomical computations,  long  before  it  was  superseded  by  the 
modem  theory  of  gravitation. 

The  writings  of  Homer  and  Hesiod  contain  all  that  is  known 
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of  the  first  state  of  astronomy  in  Greece :  and  this  amounts,  as 
we  have  said,  to  little  more  than  the  names  of  a  few  constella- 
tions, the  principal  of  which  Homer  has  introduced  in  the  fifth 
book  of  the  Odyssey,  where  Ulysses,  in  his  bark,  on  leaving 
Calypso,  is  made  to  observe,  "  the  Pleiades  and  Bootes;  the 
Hyades  and  Bold  Orion ;  the  Bear  which  is  called  the  Wain ; 
the  unwearied  sun,  and  the  full  moon,  and  all  the  stars  by  which, 
like  a  crown,  the  heavens  are  surrounded."  We  may,  therefore, 
conclude  that,  in  the  age  of  those  poets,  the  science  was  at  its 
birth  in  that  country ;  or  that  the  Greeks  had  just  then  received 
it«  elements  from  some  other  people. 

Little  doubt  can  be  entertained  that  the  Greeks  derived  their 
first  notions  of  the  sciences,  particularly  of  astronomy,  firom 
Egypt  or  Syria,  either  by  means  of  intelligent  men  of  their 
nation  who  travelled  into  those  countries  to  seek  for  information, 
or  by  means  of  the  chiefs  who,  for  the  purpose  of  conquest  or 
colonization,  conducted  their  warlike  bands  from  thence  towards 
the  west.  We  are  aware  that  the  expeditions,  and  even  the 
existence  of  such  men  as  Uranus  and  Atlas  as  well  as  the 
exploits  of  Sesostris,  have  been  called  in  question,  but  surely 
without  sufficient  reason ;  since,  during  the  many  ages  in  which 
the  profession  of  arms  enjoyed  the  highest  consideration,  and  when 
the  rapid  increase  of  the  human  race  rendered  emigrations  abso- 
lutely necessary,  it  is  impossible  that  multitudes  should  not  have 
abandoned  their  native  soil,  though  no  account  of  their  move- 
ments has  been  preserved ;  on  the  contrary,  it  is  in  the  highest 
degree  probable,  not  only  that  the  tide  of  conquest  should  have 
flowed  into  the  remotest  accessible  regions,  but  that  the  arts  and 
sciences  of  the  more  enlightened  people  should,  by  such  means, 
have  been  communicated  to  those  who  were  less  so :  on  this 
account  we  cannot  hesitate  to  admit  that  what  is  related  by 
Diodorus  Siculus  concerning  those  personages  may  have  some 
foundation  in  truth.  In  his  third  book  he  informs  us  that 
Uranus,  who  held  in  subjection  a  great  portion  of  the  earth, 
towards  the  west  and  north,  applied  himself  to  the  obsen-ation 
of  the  risings  and  settings  of  stars ;  that,  from  the  movements  of 
the  sun  and  moon,  he  taught  the  length  of  the  year  and  its 
division  into  months  ;  and  that,  in  consequence  of  the  admira- 
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tioD  excited  by  bis  knowledge  of  celestial  thinga,  divine  honotin 
were  paid  to  liiin  and  the  luiiverae  was  called  by  his  name.  In  tlie 
same  book  it  is  related  ibat  Alias  extended  his  conquests  to  the 
regions  in  Africa  bounding  the  Westera  Ocean,  and  gave  his  name 
to  a  mountain  in  that  part  of  the  world.  It  is  added,  as  a 
report  however,  that  he  had  an  exact  knowledge  of  astronomy 
and  that,  because  he  had  executed  an  artificial  sphere  represent- 
ing the  heavens,  he  was  supposed,  and  the  opinion  is  alluded  to 
by  .£Bchylu6,  to  have  carried  the  universe  on  his  shouldere.  In 
the  fourth  book  it  is  stated  tliat  Hercules  introduced  the  know- 
ledge of  the  celestial  sphere  to  the  people  of  Greece,  and  that  he 
was  said  to  have  received  the  burtlien  of  the  universe  hrom 
Atlas ;  which  seems  to  imply  that  one  of  the  labours  of  the  hero 
consisted  in  communicating  to  ibo  Greeks  a  knowledge  of  the 
sciences  which  he  had  acquired  in  some  expedition  towards  the 


It  is  evident,  however,  that  astronomy  could  not  have  been  in 
a  state  of  maturity  in  the  East  at  llie  time  the  Greeks  received 
it  from  such  of  their  countrymen  as  had  studied  among  the 
Egyptians  or  Asiatics ;  since,  if  it  were  so,  those  persons  would 
have  imparted  it  in  a  more  advanced  condition  than,  by  the 
accounts  which  have  been  transmitted  to  us,  wc  find  it  to  have 
been ;  for  what  lliey  taught  on  their  return  appears  to  have  con- 
fdsted  only  of  a  few  simple  and  elementjury  circumstances,  and 
(here  is  no  hint  given  tliat  they  bad  acquired  the  knowledge  of 
any  thing  more  profound. 

The  first  intimation  we  have  of  any  Greek  professing  (he 
science  of  astronomy  is  contained  in  the  works  of  Herodotus, 
and  consists  in  the  mention  of  an  cchpse  of  the  sun  which  had 
been  predicted  by  Thales,  a  native  of  Miletus  in  Asia.  A  short 
account  of  the  life  of  this  philosopher  is  given  by  Diogenes 
Laertius,  who  relates  of  him*  that,  when  a  youth,  he  was  one 
day  led  out  of  the  house  for  the  piupose  of  contemplating  the 
stars  and,  falling  into  a  ditch,  his  conductress  exclaimed,  "  why, 
O  Thales,  do  you  seek  to  comprehend  tlie  thingn  which  are  in  the 
heavens  when  you  are  not  able  to  see  those  before  your  eyes  f" 
The  story,  which  is  alluded  to  by  Socrates  in  Plato's  dialogue 
*  la  riu  Tlialetii. 
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TliCflutetuSy  has  the  air  of  an  inrentioiiy  but 
IM  f((!iM;ral]y  related  concerning  the  eaiij  fife  of  penBon*  vlio 
have  (liHtingui»hed  themselyes  by  snperiodtjr  cyf  Uknt,  JBodlbae 
IN  notliing  to  prevent  our  giving  as  mnch  credit  to  dns  at  to 
man  J  oUiers  of  a  similar  nature :  if  true,  the  erriamifiop  wmj 
indicate  eiitier  a  sarcastic,  or  a  moralizing  Bfini  in  Tfairessa,  the 
attiiiidanty  and  it  affords,  at  the  same  time,  a  proof  of  the  iDcfinar 
tion  of  her  young  charge  to  philosophical  paimils. 

AtUsr  performing  the  duties  of  a  citizen  Thales  em|doTed 
hiitiNolf  in  the  study  of  the  system  of  nature,  but 
obHerves  that  he  left  behind  him  no  monument  of  his 
and  that  whatever  is  known  concerning  him  is  drawn  fiom  the 
works  of  PhocoH  the  Samian.  He  is  said,  for  the  purpose  of 
oc^qitiring  information  in  philosophy,  to  have  made  a  Toyage  to 
I^'Kypt ;  yet,  by  a  strange  inconsistency,  it  is  asserted  that  he 
taught  those  who  were  his  masters  in  the  sciences  how  to  mea- 
sure tlie  height  of  the  Pyramids  by  the  length  of  the  shadows 
i\wy  niHt,  whioh  is  one  of  the  most  simple  examples  of  practical 
gnonirtry  :  the  truth  probably  is  thJEit,  in  Egypt,  Thales  learned 
this,  among  other  subjects  connected  with  the  elements  of 
astronomy.  On  his  return  to  his  native  country  he  made  a 
profcHsion,  aft(T  Uie  manner  of  learned  men  in  those  times,  of 
giving  public  instructions  to  such  as  chose  to  become  his  dis- 
ciples, on  which  account  he  is  spoken  of  as  the  founder  of  the 
I(»nian  school  and  Uie  father  of  the  Greek  philosophy. 

If  we  may  depend  upon  the  obscure  hints  contained  in  the 
works  of  those  autliors  who  have  incidentally  made  mention  of 
tliis  philosopher,  it  would  appear  that,  in  his  time,  the  form  of 
tlie  eartli  was  recognized,  for  he  is  said  to  have  asserted  that  it 
was  globular  and  that  it  was  situated  in  the  centre  of  the 
universe.  It  is  added  tliat  he  supposed  the  fixed  stars  to  be 
attached  to  the  surface  of  a  sphere,  and,  according  to  Plutarch*, 
he  divided  the  earth  into  five  zones  and  described  the  situations 
of  the  Equator,  the  Tropics,  the  Arctic  and  Antarctic  circles :  if 
these  circumstances  be  true  they  prove  that  this  manner  of  dividing 
the  visible  heavens,  for  the  purpose  of  distinguishing  the  rela* 
tive  positions  of  the  stars,  had  then  been  adopted ;  the  last  two 

*  De  Pladtit  Philotophorum,  Lib.  II.  o^  IS. 
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circles,  however,  in  the  time  of  Thales  and  long  BubscquenUy, 
bad  not  the  same  signification  as  at  present,  since  the;  were 
applied  to  those  parallels  of  declination  beyond  which,  in  the 
nortliem  and  southern  hemispheres  respectively,  were  situated 
tliose  stars  called  circumpolar ;  that  is,  which  towards  the 
north,  in  any  given  latitude,  never  set,  and  towards  the  south, 
never  rise. 

Diogenes  Laertius  relates  that  there  were  ascribed  to  Thales 
two  works  concerning  tlie  equinoxes  and  solstices ;  and  it  is  in- 
ferred that  he  had  made  obsen-ations  to  determine  the  days  of 
their  occurrence  in  order  to  ascertain  the  length  of  the  year : 
this  is  by  no  means  unlikely,  but  the  result  of  his  enquiries  is 
entirely  unknoKTi.  He  is,  also,  said  to  have  attempted  fo  give 
an  account  of  the  physical  constitution  of  the  imivorse ;  and  by 
Cicero",  who  designates  him  the  first  (Greet)  enquirer  concern- 
ing these  things,  he  is  made  to  assert  that  water  was  the 
primitive  element,  of  which  the  Deity  made  all  things  in  nature : 
from  this  hypothesis,  but  in  a  much  earlier  age,  is  said  to  have 
ori^natcd  the  fancy  that  the  earth  rested  on  the  ocean  like  a 
boaL 

But  what  most  particidaily  distinguished  Thales  is  the  above- 
mentioned  prediction  of  an  eclipse  which,  as  the  phenomenon 
occurred  at  a  critical  moment,  naturally  excited  considerable 
attention,  and  must  have  added  greatly  to  tlie  reputation  of  the 
philosopher.  Herodotus,  who  relates  all  that  is  known  of  the 
circumstances,  observes  that  in  the  midst  of  an  action  which 
look  place  in  the  sixth  year  of  the  war  (between  the  Modes  and 
Lydians)  the  day  was  suddenly  changed  into  night : — Tai  «tu 
rrti  ni/A^dAnc  yevofisiini,  iruvnftixt  u{  rt  th;  hixxii!  ffuvtintiaimi,  tw 
ji/iipw  Havinf  vvHTa  ycnaSai.  ^  He  adds  that  Thales  the 
Milesian  had  predicted  the  year  in  which  the  eclipse  would 
take  place  and  that  tlie  hostile  anities,  when  they  saw  the 
darkness,  desisted  from  the  battle.  This  eclipse  has  been 
the  subject  of  much  discussion.  The  father  of  history  neither 
mentions  the  particular  year  nor  month  when  it  occurred; 
but,  as  it  was  probably  total,  or  nearly  so,  this  circiunstance  has 
afforded  some  clue  to  guide  modem  astronomers  in  the  research ; 


■  De  Nu.  Deonun,  Lib.  1.  cap.  10. 
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and,  calculating  by  the  tables  at  present  in  nse,  they  have 
arrived  at  the  conclusion  that  the  eclipse  mi^t  have  happened 
in  the  year  585,  608  or  621  Before  Christ  Cicero*  and  F)mj^ 
say  that  it  took  place  during  the  reign  of  Astyages.  It  is  probable 
enough  thatThales  announced  the  time  at  which  the  phenomenon 
would  occur  within  a  month :  for,  as  is  observed  by  Delambre, 
this  was  in  his  power,  with  the  aid  of  the  cycle  of  18  years,  a 
knowledge  of  which  he  might  have  obtained  in  Egypt ;  and  the 
silence  of  Herodotus  respecting  the  time  may  be  accounted  for 
by  supposing  that  it  did  not  enter  into  the  plan  of  his  work  to 
record  the  particulars  minutely.  Two  other  eclipses  are  said  to 
have  been  predicted  by  the  ancient  Greek  astronomers ;  one  by 
Eudemus,  the  author  of  a  history  of  the  science,  which  is  lost, 
and  the  other  by  Helicon  of  Cyzicene  who,  according  to  Aris- 
totle^, announced  to  King  Dionysius  the  time  of  its  occurrence, 
which  is  said  to  have  happened  conformably  to  the  prediction. 

The  Ionian  school  which  had  been  founded  by  Thales  seems 
to  have  produced  several  celebrated  men,  among  whom  Anaxi- 
mander,  Anaxagoras  and  Anaximenes  are  particularly  mentioned 
as  persons  who  cultivated  and  taught  the  science  of  the  stars : 
no  record,  however,  remains,  of  any  celestial  observation  made 
by  these  philosophers,  and  the  accounts  we  have  of  their  works 
only  shew  that,  from  such  data  as  then  existed,  they  reasoned 
profoundly  on  the  constitution  of  the  universe. 

Anaximander  was  bom  about  600  years  before  Christ  and, 
therefore,  probably,  he  was  the  disciple  and  immediate  successor 
of  Thales:  like  his  distinguished  master  he  considered  the 
earth  as  isolated  in  space,  and  according  to  Diogenes  Laertius^, 
both  of  these  philosophers  maintained  that  it  was  of  a  globular 
figure.  These  are  the  first  occasions  on  which  we  find  the  sphe- 
rical form  of  the  earth  distinctly  asserted  and,  perhaps,  the 
opinion  has  no  better  foundation  than  a  fortunate  conjecture; 
for  though  the  curvature  in  every  direction,  from  the  place  of  a 
spectator,  might  easily  be  inferred  from  the  appearances  presented 
by  a  loily  object,  as  the  mast  of  a  ship,  when  approaching  to, 
or  receding  fi'om  him  ;  and  the  curvature  in  the  direction  of  the 

*  De  Divinatione,  Lib.  I.  ^  Nat.  Hitt.  Lib.  L  cap.  12. 

'  De  Ccdo,  Lib.  II.  cap.  a  <>  In  loc.  cii. 
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meridian  is  evidfiit  from  iho  fact  thai  the  same  stars,  when  in 
that  plane,  change  their  apparent  altitudes  with  a  change  in  the 
place  of  the  observer  j  yet,  as  tlie  part  of  the  earth's  surface  then 
known  hears  but  a  small  proportion  to  the  whole,  the  generahly 
of  the  inference  must  have  admitted  of  doubt ;  and  we  find  that 
the  reason  alleged  for  llie  sphericity  of  the  earth  must  have  been 
far  from  carrying  conviction  to  every  mind,  since  Leucippus  and 
others  entcrlidned  the  opinion  that  it  was  cylindrical,  or  had  the 
form  of  a  column.  But  the  tenet  which,  really,  does  honour  to 
the  judgment  of  Anaximander  is  that  of  the  earth's  movement 
about  its  axis ;  an  hypotliesis  which  he  is  said  to  have  main- 
tained, though  his  arguments  in  support  of  it  have  not  been 
preserved.  Anaxiraaader  must,  consequently,  have  succeeded 
in  the  dilhcult  task  of  overcoming  the  prejudices  of  his  senses ; 
he  must  have  elevated  his  mind  to  the  conception  tliat  the 
diurnal  motion  of  the  celestial  sphere  is  only  apparent,  and  that 
the  appearance  is  caused  by  that  of  the  earth  in  a  contrary 
direction :  a  bold  step  in  that  age  when  a  number  of  facts  by 
which  the  truth  of  the  hypothesis  might  have  been  established 
were  entirely  unknown. 

The  same  philosopher  held  a  sound  opinion  relative  to  the 
moou  for,  according  to  Diogenes  Laertius,  he  taught  that  she 
shines  by  a  light  reflected  from  the  sun :  if,  however,  he  could 
raise  himself  to  this  idea,  it  seems  that  he  tailed  in  persuading  his 
contemporaries  of  its  justness,  since  we  find  that,  about  the  same 
time,  very  absurd  notions  were  entertained  concerning  the  phases 
or  appearances  of  that  luminary.  He  failed  also,  as  might  be 
expected,  in  his  determinations  of  tlie  magnitudes  of  the  celestial 
bodies  ;  for  we  learn  from  Diogenes  Laertius  and  Plutarch  that 
he  supposed  the  sun  to  be  equal  in  bulk  to  llie  earth,  and  to  be 
constituted  of  fire,  or  rather,  within  its  mass,  to  contain  a  fire 
which  radiates  in  every  direction  from  apertures  in  its  surface. 
He  asserted,  also,  that  the  circle  of  the  sun,  meaning,  oh  Casau- 
bon  supposes,  its  apparent  yearly  orbit,  was  Iwenty-eighl  times 
as  great  as  the  earth,  a  remarkable  instance  of  the  very  inaccu- 
rate notions  then  entertained  of  the  universe. 

Anaximaudcr  also  appears  to  us  in  tlie  character  of  a  practical 
astronomer  and  geographer.     Diogenes  Lacnius  relates  that  he 
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set  up  a  gDomon  at  Lacedtemon,  and  obserred  the  Umes  of  ll 
equinoxes  and  solstices;  but, probably, this  was  not  tlie  first ii 
stnimeut  of  the  kind  in  Greece,  since  the  same  writer  affin 
tliat  Pherecydes,  who  was  contemporary  with  Thales,  had  ( 
structed,  in  the  island  of  Scyrus,  a  machine,  which  could  lian 
been  no  other  than  a  gnomon,  for  showing  the  confersions  d 
Uie  Biin,  that  is,  the  daj-s  of  the  solstices.  It  is  added  that  I 
mander  described  the  boundaries  of  the  land  and  seas,  and  eu 
cuted  a  horoscope  or  planisphere  and  an  artificial  globe :  I 
former,  probably,  was  of  the  same  nature  as  the  scolptui 
zodiacs  in  the  Egyptian  temples,  and  the  other  may  have  t 
intended  to  represent  Uie  surface  of  the  earth  or  heavens.  The* 
tnimic  worlds  have,  ever  since,  been  of  general  use  and  i 
certainly,  be  reckoned  among  the  most  pleasing  works  of  art,  \ 
enabling  the  student  to  contemplate  the  phenomena  of  the  c 
tial  bodies  in  the  closet,  or  the  forms  and  situations  of  remol 
regions  of  the  earth  without  removing  from  the  place  he  i 
habits. 

Soon  after  the  time  of  Jhales  it  is  probable  that  the  philos^ 
pliers  professing  the  doctrines  of  his  school  found,  among  the 
people  of  Alliens,  who  then,  under  the  government  of  Pericles, 
began  to  rank  high  in  political  power,  in  sciences  and  arts,  and 
in  refinement  of  manners,  a  more  ample  field  for  the  fhsplay  of 
tlicir  talents  tlian  that  afforded  by  an  Asiatic  town ;  for  it  ap- 
pears that,  during   the  reign  of   this  magistrate,   Anaxagora 
transferred  the  Ionian  school  from  Miletus  to  that  city,  whof 
he,  unfortunately,  though  professing,  as  Jambliclms  relates  %  t 
dexirc  life  only  that  he  might  contemplate  the  heavens,  sufferetf* 
persecution  for  bis  philosophical  opinions  on  tlie  ground  tliat 
they  were  inimical  to  the  religion  of  the  state :  he  was  sentenced 
by  the  Atlienians  to  die,  but  Uie  punishment  of  death  wa^J 
through  tile  interest  of  Pericles,  commuted  for  perjietual  bauisi: 
mcnt.     The  fate  of  the  Greek  philosopher  resembles  that  of  Ga- 
lileo who,  in  a  later  and  more  enlightened  ago,  and  when  i 
were  under  the  influence  of  a  rehgion  which  consists  rather  ii 
purity  of  heart  than  in  the  bchcf  of  any  particular  dogmas  wai 
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alao,  the  victim  of  spiritual  tyranny.  It  is  probable,  however, 
that  the  troubles  in  which  the  ancient,  as  well  as  the  modem 
sufferer  were  involved,  are  lo  be  ascribed  to  some  indiscretions, 
by  which  they  had  rendered  themsebes  personally  obnoxious  to 
the  ministers  of  religion,  rattier  tlian  lo  any  impiety  with  which 
their  philosophical  speculations  could  be  charged. 

In  his  writings  concerning  the  constitution  of  the  universe, 
Anaxagoras  seems  to  have  set  out  by  assuming  tliat  nature  al- 
ways acts  in  the  most  perfect  majiner;  a  principle  to  which  the 
Greek  philosophers,  at  all  times,  adhered ;  he  horn  thence  con- 
cludes Uiat  the  actual  phenomena  can  be  no  other  than  they 
are ;  and  he  docs  not  attempt,  or,  probably,  he  thought  it  iui- 
poBfiible,  to  give  any  otlier  reason  for  their  existence  :  this  defect, 
however,  was  felt  by  tlie  wisest  men  of  tliat  and  the  following  age, 
who  expressed  an  ardent  desire  to  know  something  of  the  se- 
cond causes  which  are  operative  in  the  works  of  nature.  In 
Plato's  dialogue  enliUcd  Pha;do,  Socrates  is  made  to  tell  Cebes 
that  he  had  perused  the  works  of  Anaxagoras  in  expectation  of 
finding  whether  Uie  eartli  was  broad  or  round,  probably  mean- 
ing whetlier  it  was  of  a  plane  or  globular  form,  and  whether  it 
was  in  the  centre  of  the  universe  or  not :  he  adds  that  he  was 
extremely  desirous  of  knowing  the  cause  of  the  existence  of  all 
beings,  but  he  owns  that  he  was  disappointed ;  for,  says  he, 
Anaxagoras  only  ascribes  them  to  the  power  of  the  Supreme 
Intellect,  which  has  arranged  ihcm  in  their  proper  ranks  and 
classes,  and  disposed  them  in  the  best  possible  manner.  This 
kind  of  explanation  seems  to  have  prevailed  among  tlie  learned 
almost  to  our  own  times,  and  abounds  in  the  writings  of  Aris- 
totle who,  however,  seems  to  have  merely  adopted  a  principle 
which  long  before  had  been  assumed. 

We  perceive,  from  what  Socrates  has  said,  that  Anaxagoras  could 
not  have  been  condemned  under  pretence  of  Atheism,  since  ho  ad- 
mits the  existence  of  a  Supreme  Intellect,  though  he  might  hare 
denied  the  divinity  of  the  beings  which  were  the  objects  of  worship 
in  the  heathen  world.  We  learn,  also,  that  the  Greeks,  about  this 
time,  were  familiar  with  the  notion  that  the  earth  is  not  coinci- 
dent with  the  centre  of  tlie  universe  though,  further  on,  Socrates 
considers  the  opinion  that  it  is  so  aa  one  which  was  very  gene- 
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rally  admitted  among  philosophers,  and  lie  endesroan  to  giTe 
Simmias  a  reason  why  the  earth  shoold  remaiii  onsoppaited  in 
space :  his  argument  is  that  the  earth  reqaires  no  air  to  prerent 
its  falling  since  it  is,  as  it  were,  wrapped  about  and  pressed 
equally  in  every  direction  by  the  universe.  It  appears  from  this 
expression  that  Socrates  thought  the  earth  was  heU  in  eqmHhio 
by  iHiual  and  opposite  forces  acting  upon  it  from  all  the  cdes- 
tiul  biulios ;  a  notion  which  seems  to  coincide  with  thai  ascribed 
by  Plutarch  %  to  Farmenides,  who,  in  explaining  €he  canse  of 
tlu)  oartliV  stability,  is  made  to  say  that  no  reason  can  be  given 
why  it  should  fall  to  one  side  rather  than  to  another ;  and  there- 
(i)n\  it  rests.  An  allusion  to  the  support  of  the  earth  by  the  air 
is  fiuuul  also  in  the  Clouds  of  Aristophanes,  where  the  choms  is 
nuuto  to  addrt>ss  tliat  element  as  a  ^^  great  king  who  holds  the 
earth  sus|H>uded*';  and  it  would  seem  that  there  were,  then, 
timiiy  |>erMOU9  who  tliought  the  earth  was  kept  in  its  positi<m 
by  wluds  tending  towards  it  from  every  part  of  the  sunonnding 
S|»Met*  I  i«  iUuoy  which  Achilles  Tatius  ^  illustrates  by  observing 
\\\i\\  H  grain  of  eom  remains  at  rest  in  the  middle  of  a  bladder 
when,  on  blowing  into  the  latter,  the  wind  is  reflected  from  its 
btlerior  i^urfrtee  towanls  the  centre.  We  may  add,  however,  in 
thin  |>Uee.  that  Tatius,  in  explaining  the  cause  why  the  universe 
h'nialns  at  iVMt  in  infnuto  space,  makes  ChrysippuS  oblwrve  that 
It  eouHlHtM  of  four  elenients,  earth,  water,  air,  and  fire,  of  which 
the  \\\u  luiuier,  occupying  the  centre,  are  endowed  with  grwfihf, 
or  have  a  lendeney  to  descend,  and  the  two  latter,  surrounding 
I  he  olherMi  aii^  endowinl  with  levity ^  or  have  a  tendency  to 
aiteenil  \  he  then  eoniparcs  tlio  universe,  thus  compounded,  to  a 
niaM  eoni|Mmed  of  two  such  bodies  as  lead  and  cork,  of  equal 
welghtM,  bound  togtlher;  and  states  that  if  this  mass  were 
Uu'own  into  the  sea  tlie  lead  would  prevent  it  from  rising  to  the 
snrfaee  and  the  eork  would  prevent  it  firom  sinking,  whence, 
conNeqnently,  it  would  remain  at  rest  at  any  depth ;  from  which 
eireuniMUuioe  the  quiescence  of  the  universe  is  meant  to  be  in« 
furred.  Dut  tlie  opinions  of  the  Greeks  were,  at  all  times,  far 
firoui  being  settled  on  tlie  subject  of  the  stabiUty  of  the  earth. 

*  Do  PUcitis,  Ub.  III.  Cap.  15. 

^  lMgog«,  Cap.  IV.  in  Peuv.  Unuioh^. 
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Plutarch  *  and  Achilles  Tatius ''  state  that  Xenopliou  and 
Xenophanes  considered  it  to  be  infinitely  deep  in  one  direcliou ; 
and,  consequently,  maintained  that  it  could  not  fall ;  and  Dio- 
genes Laertius  '  aGcribes  to  'fhales  tlic  opinion  that  it  was  sus- 
tained by,  and  floated  on,  the  waters.  But  the  more  general 
argument  held  out  in  support  of  the  immobility  of  the  earth  was 
that,  since  heavy  bodies  tend  towards  its  centre,  that  centre 
must  be  fixed  in  space ;  yet,  according  to  Laertius'',  Democritus 
proposed  the  notion  that  the  earth  was  continually  faUing :  in 
fact  every  possible  opinion  appears,  at  one  time  or  another,  to 
have  been  held,  in  the  ancient  schools,  respecting  tlie  place  oc- 
cupied by  the  earth  among  tlte  bodies  of  the  universe. 

The  opinions  of  men  who  are  in  nearly  corresp<>nding  con- 
ditions with  respect  to  civilization  and  arts  or  sciences  are  found 
to  be  nearly  aUicd  to  each  other ;  and  we  may,  in  what  we  have 
learned  of  iJie  sentiments  of  the  liiudus,  trace  many  points  of 
resemblance  to  the  notions  of  the  Greeks  and  Egyptians. 
Thus  we  find  that  the  Jainat,  an  ancient  people  of  India,  had 
used  in  their  \\Ti tings  expressions  which  led  their  commentators, 
in  later  times,  to  suppose  they  held  an  opinion  that  the  earth 
perfonned  a  revolution  in  space :  but  Bhascara,  one  oi  those 
commentators,  who  lived  in  the  twelilh  century  of  our  era,  has 
endeavoured  to  shew  that  such  expressions  had  no  other  mean- 
ing than  that  t)ie  eartli,  being  heavy  and  witliout  support,  must 
continually  descend;  and  that  they  had  no  relation  to  any 
movement  of  revolution.  Bhascara  himscll",  however,  denies 
thai  the  earth  can  be  continually  falling;  and  urges,  as  an 
argument  against  the  opinion,  tliat  if  so,  an  arrow  shot  vertically 
upward  would  not  return  when  tlie  projectile  force  was  expended, 
since  both  eartli  and  arrow  would  be  descending :  and,  he  ob- 
serves, it  cannot  be  replied  "the  earth  moves  slower  and  is 
overtaken  by  tlie  arrow  ",  for  the  heaviest  bodies  fall  with  the 
greatest  velocity,  and  the  earth  is  heavier  than  the  arrow; 
therefore  cannot  be  overtaken  by  it  *, 

The  enquiry  into  the  cause  of  the  circular  motion  of  the 
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heavens  is  now  for  the  first  Lime  dluded  to,  and  it  is  prol 
that,  more  anciently,  it  was  thought  a  sa/licient  explanation 
tliis  kind  of  movement  to  h&y  that  it  is  peculiar  to  incorrupt 
bodies  such  as  the  stars,  wliile  motion  in  a  recminear  directit 
is  peculiar  to  terrestrial  substances.    Theon,  tlic  commeulator 
Ptolemy,  has  expressed  this  opinion  which,  however,  bears 
mark  of  the  older  schools  of  Greece,  and  he  has  illustrated  the 
latter  part  by  the  fact  that,  of  the  bodies  near  the  surface  of  the 
eartli,  heavy  ones  tend  in  right  lines  from  the  circumference 
towards  the  centre  and  light  ones  in  a  contrary  direction.     Bat 
Anaxagoras,  in  I'eply  to  the  question  why  the  celestial  bodies  do 
not  fall  from  their  places  towards  the  earth,  asserts  that 
actual  slate  is  presen-ed  by  tlie  rapidity  of  their  movementa- 
and,  though  we  have  no  reason  to  think  that  this  philosopl 
understood  the  laws  of  centripetal  and  centrifugal  forces,  yet  his 
assertion  indicates  an  idea  that  a  revolving  body  might  be  held 
/»  equilibria  between  such  forces.     That  a  body  moving  in  ihu 
circumference  of  a  circle  endeavours  to  recede  from  the  centre  is 
a  fact  which  could  not  escape  the  notice  of  the  ancients,  who 
were  so  fomihar  tvith  the  use  of  slings  in  discharging  stones;: 
and  Plutarch  actually  makes  Anaxagoras  compare  the  motion 
the  moon  roimd  tlie  earth  to  tliat  of  a  stone  in  a  sling,  whit 
be  observes,  is  subject  to  the  action  of  two  forces  at  once ; 
meaning  the  retaining  power  of  the  cord  and  that  by  which,  in 
consequence  of  the  movement  of  Uie  hand,  die  stone  Lends  to 
escape  in  tlie  direction  of  a  tangent  to  the  cune  it  dcscribea. 
llic  idea  that  a  revolving  motion  is  produced  by  the  actions  of 
two  forces  in  rectilinear  directions  must,  therefore,  have  beeit.^ 
entertained  at  this  Lime,  and  we  can  readily  admit  ttiatAnoxagi 
drew  from  thence  the  opinion  which  bos  been  ascribed  lo 
concerning  the  atJlbihty  of  the  universe.     AristoUe'  states 
Empedocles  and  other  philosophers  lield  a  similar  notion, 
ho  illustrates  it  by  the  well  known  fact,  tlial  water  in  an  o] 
vcssi'l  will  there  remain  while  the  vessel  revolves  about  a  cenln 
tliough,  in  some  part  of  its  revolution,  it  may  become  inverted. 
Diogenes  Laerlius  says  "  that  Anaxagoras  considered  tlie 
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to  be  tt  huming  mass  of  iron  larger  Uian  the  Peloponnesus;  an 
opuiioD  which  implitrs  that  the  sun  is  at  a  distance  from  tlie 
earth  only  equal  to  about  nine  or  ten  diameters  of  the  latter ; 
but  it  is  probable  that  such  an  expression  was  merely  intended 
to  convey,  to  the  uninformed  populace,  a  notion  that  the  sun 
was  of  immense  magnitude  by  comparing  it  with  an  extent  of 
territory  which  in  those  days  was,  no  doubt,  familiarly  spoken 
of  as  very  considerable.  Archelaus,  who  was  of  tlie  Ionian 
school  and  contemporaiy  with  Anaxagoras,  is  said  to  have 
mfUQtained  the  more  reasonable  opinion  that  the  suu  was  of  the 
same  material  as  the  fixed  stars ;  but  this  was,  perhaps,  simply 
an  inference  from  the  general  notion  that  all  the  heavenly  bodies 
were  of  the  nature  of  fire.  According  to  the  writer  above- 
mentioned,  Anaxagoras  offered  a  conjecture  that,  like  the  earth, 
the  moon  had  habitations,  hills,  and  valleys ;  an  opinion  also 
expn^ssed  in  some  pretended  Orphic  verses  preserved  by 
ProtluB- 

A9a(»T0i  hXb^hstii,  \tcix^""i  i'  Ti  fomii, 

H  -riW   oujr  tX">  •"'A'  eunia,,  iroW.*  f*iA«6fa.  • 

"The  Father  made  another  earth  called  Selene  by  tlie  im- 
mortals, but,  by  men,  the  moon,  containing  many  mountains, 
cities  and  mansions."  And  it  may  readily  be  conceived  that 
such  notions  would  be  formed  at  tlie  first  view  of  her  disc  ;  for 
the  light  and  dark  spaces  which  are  so  visible  to  the  naked  eye 
naturally  suggest  the  notion  of  an  elevation  and  depression  of 
surface,  and  an  easy  analogy  would  lead  to  the  supposition  that 
this  celestial  Irady  was  inhabited,  when  the  resemblance  of  bar 
smface  to  that  of  the  earth  was  perceived.  It  is  well  known 
tliat  tliis  supposition  has  continued  to  be  popular  even  to  our 
own  days,  though  the  constancy  of  her  features  and  the  absence 
of  any  collections  of  water,  hkc  the  seas  of  tlie  earth,  the 
existence  of  which  the  most  powerful  telescopes  have  not  been 
able  to  detect,  nearly  demonstrate  that  the  contrary  is  the  fact. 
Plutarch,  who  seems,  in  his  work  De  Facie  qute  in  orbe  Luna 
apparet,  to  have  collected  the  opinions  of  moat  of  the  distiu- 

*  Frodui  ia  Tunauni,  Lib.  111. 
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guished  men  among  the  ancients  concerning  the  heayens,  repre- 
sents the  spots  which  appear  on  the  surface  of  the  moon,  and 
*which,  he  observes,  constitute  figures  resembling  eyes  and  lips, 
as  deep  cavities,  like  the  gulfs  of  the  earth,  which  the  light  of 
the  sun  does  not  penetrate ;  he  concludes  that  this  celestial  body 
may  have  water  and  air,  and  that  it  may  produce  and  nourish 
animals  endowed  with  respiration  and  heat. 

Nearly  the  same  ideas  have  been  expressed  by  some  of  the 
astronomers  of  the  present  day,  who  observe  that  the  mountainous 
scenery  of  the  moon  bears  a  strong  resemblance  to  that  of  the 
Alpine  regions  of  the  earth ;  and  they  consider  the  cavities  as 
the  beds  of  seas  which  have  once  existed  in  that  luminary.  Mr. 
Schroeter,  believing  that  he  has  discovered  an  atmosphere  about 
the  moon,  and  conceiving  that  she  may  enclose  a  liquid  proper 
for  the  support  of  organized  bodies,  boldly  asserts  that  this 
celestial  body  is  the  abode  of  Uving  and  intelligent  beings,  of 
whose  existence  he  thinks  he  has  discovered  certain  indications*. 
If  this  astronomer  had  Uved  in  the  days  of  Pythagoras  or  Plu- 
tarch he  probably  would  have  added,  in  the  words  of  the  latter, 
*^  the  intelligent  beings  who  inhabit  the  moan  are  of  slender 
forms  and  are  capable  of  receiving  support  from  any  aliment 
whatever^  But,  however  interesting  may  be  the  picture  he  has 
presented,  of  the  supposed  state  of  nature  in  the  moon,  it  is  too 
certain  that  his  opinions  on  this  subject  are  ill  supported  by 
observation,  and  we  are  rather  disposed  to  consider  our  satellite 
as  the  mere  nucleus  of  a  world,  a  mass  of  naked  rock  destitute 
of  any  of  the  elements  capable  of  supporting  animal  or  vegetable 
life.  We  must  not  omit  to  observe  that  Empedocles  ^  is  said  to 
have  considered  the  moon  as  a  fragment  struck  off  firom  the  sun; 
a  notion  since  entertained  by  the  celebrated  Buffon  concerning 
the  earth,  moon  and  all  the  planets.  Vitruvius,  in  his  treatise 
on  Architecture,  says  that  a  certain  Berosus,  whom  he  describes 
as  a  lecturer  on  philosophy,  in  Asia,  taught  that  the  moon  was  a 
globe,  half  luminous  and  half  of  a  blue  colour;  and  that,  when  it 
approached  the  sun,  being  attracted  by  the  force  of  his  rays,  it 
turned  its  bright  side  to  that  luminary  and  became  invisible  to 

*  Voiron,  Hist,  de  V  Astronomie,  Art.  II. 

^  Achillet  Tstiui,  Isagoge,  Cap.  XVl  In  Petrar.  UranoU^. 
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US,  from  the  colour  of  ihe  other  port  being  confounded  xnlti  Ihat 
of  the  air.  It  is  probable  that  Vitnivius  borrowed  this  account 
from  ClenmedeK  who,  besides  ascribing  the  notion  to  Berosus, 
makes  the  latter  assert  that  the  moon  has  several  movements, 
and  he  particularizes  the  diurnal  motion,  the  motion  in  longitude 
and  latitude,  and  the  rotation  on  her  axis ' :  this  expression,  if 
understood  in  the  sense  assigned  to  it  by  modem  astronomers, 
woidd  seem  to  indicate  that  the  ancients,  from  the  fact  that  the 
moon  presents  to  us  always  the  same  face,  had  arrived  at  the 
concludon  that  she  revolves  on  her  axis  in  tlie  same  time  that 
she  makes  one  revolution  about  the  cartli.  Cleomedcs  adds  *'  it 
was  well  known  to  the  ancient  pliilosophers  that  the  moon  is 
enlightened  by  the  sun  ",  and  he  dcrivCB  her  name,  2f/iinj,  from 
S/xuf,  because  she  is  continually  acquiring  new  phases  by  his 
light 

Wc  may  here  remark  that  the  Greeks,  when  their  writings  or 
discourses  were  not  inti'nded  for  the  learned,  seem,  in  speaking 
of  the  heavenly  bodies,  to  have  occasionally  expressed  them- 
selves in  terms  adapted  to  tlie  ideas  of  the  vulgar;  and  it  appears 
that  some  among  them,  erroneously  taking  such  expressions  in 
the  literal  sense,  have  seriously  set  themselves  to  refute  the 
0]Hiuons  they  convey.  Thus,  the  disciples  of  Epicurus  are 
supposed  to  have  asserted  that  the  sun,  moon  and  stars  are  DO 
larger  than  they  appear  to  be ;  and,  though  no  one  can  believe 
that  such  a  notion  was  really  held  by  a  person  having  any  pre- 
tensions to  the  character  of  a  philosopher,  yet  C'leomedes** 
gravely  argues  against  it  from  the  fact  that,  when  the  sun  is 
rising  behind  a  mountain,  the  edges  of  his  disc  are  often,  at  the 
same  time,  visible  on  the  opposite  sides  of  tlie  mountain  ;  and 
the  mferencc  is  tliat  tlie  sun,  though,  apparently,  only  about  one 
foot  in  diameter,  must  be,  in  reality,  larger  than  the  mountain 
itself. 

The  returns  of  the  sun  at  midwinter  and  midsummer  from  the 
tropics  towards  the  equator,  without  any  visible  cause,  appear 
to  have  excited  some  attention  among  the  ancients  in  the  infancy 
of  Uie  Greek  astronomy:  and  we  learn   from  Plutarch'   that 

*  De  Mundo,  Lib.  11.  De  Lunn  Propluquiule. 

*  Ut  mpra.  *  Dt  PUdtit,  Lib,  II.  cap,  23. 
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Anaxagoras  endeavoured  to  account  for  Ihem  by  supposing  the 
dtnse  air  of  the  polar  regions  lo  resist  the  passage  of  the  sun 
northward  or  sontliwardof  those  parallels  of  declination.  In  the 
life  of  this  philosopher,  by  Diogenes  Laertius,  it  is  alleged 
he  supposed  the  stars  were  attached  to  the  superficies  of  a  d< 
which  revolved,  originally,  about  an  axis  perpendicular  to 
horizon,  and  that  subsequently,  the  axis  became  inclined  to  that 
plane :  this,  which  is  quite  inconsistent  with  the  opinion  that 
the  earth  is  of  a  globular  figure,  may  seem,  however,  at  fiisl 
sight,  to  imply  a  knowledge  that  the  earth's  axis  was  subject  to 
a  change  of  position ;  but  it  is  very  certain  that  Uiere  then 
existed  no  means  of  ascertaining  this  fact,  and  it  is  probable  that* 
in  the  effort  to  exhibit  a  system  of  the  imiverse  possessing  the 
utmost  simplicity,  the  observed  obliquity  of  the  axis,  alone,  sug- 
gested the  notion  of  its  former  perpendicularity.  At  a  period 
long  subsequent  to  the  time  of  this  philosopher,  when  tlic 
variation  in  the  position  of  the  earth's  axis  was  discovered,  it 
immediately  occurred  lo  aslronomers  Uiat  there  might  have  been 
a  time  when  the  axis  coincided  with  that  of  tlie  ecliptic,  and  that 
there  might  come  a  time  when  it  would  be  again  in  that  situa- 
tion. Impressed  with  this  idea,  men  of  lively  imaginations  found 
pleasure  in  contemplating  a  state  of  society  on  the  eartli  when 
the  temperature  of  the  spring  season  should  prevail  during  many 
ages ;  but  an  iniprove<l  analysis  has  now  dispelled  the  rcverio, 
and  shewn  that  such  coincidence  never  did,  nor  can,  take  place. 
From  a  meteoric  stone  which,  according  to  Pliny,  fell,  in  the 
days  of  Anuxagoras,  near  the  river  Egos  in  Thrace,  this  philo- 
sopher is  said  to  have  imagined  that  tlic  stars  were  formed  oC 
material  substances  which  exhale  fi-om  the  earth ;  prol 
meaning  that  the  planets  are  of  the  same  nature 
and  that  detached  portions  of  them  are  occasionally  Ihroini 
upon  it ;  opinions  not  very  remote  firom  those  which  are,  even 
at  present,  entertained.  For,  setting  aside  the  common  notions 
tliat  the  meteoric  stones  are  formed  in  oiu-  atmosphere,  or  pro- 
jected fix>m  volcanoes  in  the  moon  ;  since  the  discovery  of  the 
four  new  planets  between  the  orbits  of  Mars  and  Jupiter,  which 
are  thought  to  have  been  produced  by  tlie  explosion  of  some 
great  planet  formerly  citisting  in  that  region,  philosophers  hare 


led  o£j» 
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been  led  by  analogy  to  ascribe  the  descent  of  these  Btones  lo  the 
same  cause ;  a  number  of  little  fragments  were  detached,  they 
suppose,  along  with  the  greater  masses  and,  being  ttirowii  beyond 
the  limits  of  the  altmctive  powers  existing  in  the  larger  frag- 
ments, tliey  fall  upon  the  surface  of  the  earlli  when  tliey  happen 
to  arrive  within  the  sphere  of  its  influence.  The  nature  of  the 
aerolitbfi  affords  some  argument  in  favour  of  this  hypothesis,  for 
they  consist  of  suljthur  and  ferruginous  matter  and  possess  the 
magnetic  virtue ;  qualities  which  are  believed  to  characterize 
the  sul)stjuice  constituting  the  internal  part  of  the  earth  and, 
probably,  of  every  planet. 

Anaximenes,  the  last  astronomer  who  was  considered  as  a 
disciple  of  Thales,  was  bom  aboxit  530  years  before  Christ.  His 
sentiments  concerning  the  constitution  of  the  universe  appear  to 
have  been  nearly  the  same  as  those  held  by  Anaxagoras,  for 
what  is  said  of  one  is,  also,  asserted  of  tlie  other,  and,  indeed,  it 
must  not  be  supposed  that  every  opinion  ascribed  to  either  of 
the  Greek  philosophers  by  name  was  actually  maintained  by 
him  exclusively  ;  the  ancient  writers  often  attributing  to  an  in- 
cUvidual  the  doctrines  which  were  common  to  many  persons  of 
the  same  school.  Plutarch*  states  tliat  Anaximenes  first  taught 
the  materiality  of  the  heavens ;  and,  according  to  Diogenes 
Laerlius,  he  asserted  that  the  stars  moved  not  above  but  about 
the  earth ;  an  expression  which  seems  lo  indicate  that  he  was 
opposing  a  vulgar  notion  concciiiing  the  revolution  of  the  celes- 
tial bodies  within  a  vault  resting  on  the  earth  as  a  baus.  But 
Pliny  relates  of  Anaximenes  a  circumstance  of  more  importance 
Ihan  his  speculations  upon  the  nature  of  the  universe,  which  ia 
that  he  set  np,  at  Sparta,  an  instrument  to  serve  as  a  sun-dial ; 
of  what  kind  it  may  have  been  we  are  entirely  unacquainted 
and,  possibly,  it  was  that  which  Diogenes  Laertius  ascribes  to 
Anaximander;  but,  if  it  was  used  for  the  division  of  days  into 
portions,  it  would  follow  that  tJic  Greeks  must,  then,  have  ac- 
quired some  knowledge  of  the  regularity  of  the  solar  movements 
and  of  their  application  to  the  measurement  of  time.  A  simple 
gnomon  casting  its  shadow  upon  a  horizontal  plane  might  be 
tfaut  which  is  meant,  and  the  hour  lines  may  have  been  traced 
*  Do  Placitis,  I<il>.  III.  cap.  10. 
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mechanicaUy,  without  the  tud  of  any  rules  derived  from  iheofv! 
bnt  it  is  conceivable  tliat  the  dial  might  have  been  of  the  Vind 
now  called  equatorial ;  that  is,  it  might  consist  of  a  circle  wl 
plane  was  parallel  to  tlial  of  the  equator :  ou  such  a  plane 
hour  lines  make  equal  angles  n-ith  each  other  and,  ihereft 
could  be  easily  traced ;  and  the  style,  by  whose  shadow 
hours  are  indicated,  ia  periieudicular  to  the  plane  of  the  circle. 

Pjthagoras  18  the  next  distmgulshed  philosopher  of  whom  any 
account  remains,  and  he  is  as  much  celebrated  for  his  di 
in  pure  geometry  as  for  his  astronomical  notions.  It  is  unl 
tunate  that  we  have  none  of  the  works  which  he  must 
composed,  consequently  we  are  uncertain  what  is  due  to  himself 
and  what  belongs  to  those  persons  who  adopted  and  developed 
his  tenets ;  ^d  who,  to  gain  authority  for  their  opinions,  ascribed 
them  to  their  master.  Like  most  of  the  learned  men  among  the 
Greeks  he  travelled  into  the  East;  and  wo  learn  from  Jamblicfaiis 
that  he  passed  twenty-two  years  among  tlie  priests  of  Ej 
applying  himself  to  the  study  of  geometry  and  astronomy, 
causing  himself  to  be  initiated  in  all  the  sacred  niysteries.  Fi 
that  country  he  was  carried  by  the  soldiers  of  Cambyses  io 
Babylon, where  be  conversed  with  the  Magi  and,  during  the  twelve 
years  that  he  remained  there,  learned  many  things  relating  Io 
□umbers  and  music.  If  we  may  believe  Porphyry,  hia  desire  to 
obtain  information  carried  him  as  far  as  India;  where,  if  it  be* 
well  founded  notion  tliat  pliilosophy  had,  in  those  early  tii 
made  greater  ]irogTeBS  tlian  in  Europe,  it  is  possible  that 
might  have  learned  some  of  those  doctrines  which  he  is  sii 
to  liavo,  afterwards,  promulgated.  Pythagoras  estahli^ed 
at  Crotona  in  Italy  and  thus,  perhaps,  contributed  to  the 
aemination  of  the  Greek  philosophy  in  tlic  went,  by  the  insi 
tiuns  which  he,  or  his  immediate  disciples,  communicated  to  tlw 
pcojile  of  Magna  Gnecia ;  from  whom  the  Etrurians  may  hare 
caught  that  portion  of  science  by  which  they  were  distinguished 
above  the  other  Italians. 

.\ccor<liiig  to  Aristotle,  in  hia  second  book  of  the  Heavens, 
Pythagoreans  imagined  the  universe  to  be  divided  into  sphcrii 
legions  which  were  occupietl  by  bodies  or  elements  of  diflei 
'  Va  vlu  I'ytbpig.  Lib.  I.  cap.  4. 
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degrees  of  excellence;  they  considered  Lhat  Ihe  centre,  wliich  is 
the  place  of  honour,  nas  assigned  to  fire,  the  most  noble  of  tlie 
etements,  and  about  tliis  they  supposed  the  stars,  of  wliich  the 
earth  was  esteemed  as  one,  to  revolTe.  Plutarch,  in  his  hfe  of 
Nunta,  states  that  this  prince  had  built,  as  a  representation  of 
the  universe,  a  circular  temple  which  he  dedicated  to  Vesta  and 
in  which  the  sacred  fire  was  kept ;  and  he  observes  tlial  tliis 
was  in  accordance  with  the  opinion  of  sonic  of  the  Pytliagoroans, 
who  maintained  lhat  the  proper  seat  of  fire  was  the  centre  of 
(he  itniverKe,  for  the  reason  mentioned  by  Aristotle,  It  does  not 
appear  Iliat  the  Pythagoreans  imagined  the  central  fire  to  be  the 
sun,  or  that  the  earth  and  planets  revolved  about  that  luminary ; 
but  it  is  distinctly  staled  by  Aristotle  that  they  conceived  the 
movement  of  the  earth  about  tlie  centre  to  be  the  cause  of  the 
succession  of  day  and  night,  which  seems  to  shew  that  the 
earth  was  supposed   to  perform   the  revoUilion   in  that  time, 

*£>ii>T>«{  oi  sifi  T^>  'l;ii^<i»,  Kofjiuiti'Oi  Si  HtStiyi^iiUf  ^^if0i>'  {«■•  ^»  yif 

WheUier  tlie  centre  here  spoken  of  is  that  of  tlie  earth  itself 
or  of  the  region  of  fire  is  uncertain ;  if  the  former,  which  seems 
to  be  imphed  in  the  ex]>rcssion  that  a  revolution  about  it  is  the 
cause  of  day  and  uight,  it  would  follow  that  the  eailh  wan  sup- 
posed, at  least  by  some  of  the  Pythagoreans,  to  be  stationary  in 
space,  though  situated  at  a  distance  from  the  centre  of  the  uni- 
verse. That  such  a  supposition  was  entertained  is  well  knouii  j 
for,  according  to  Plutarch ",  Heraclitus  aud  Kcphantes  described 
the  earth  as  moving  without  changing  its  place,  which,  how- 
ever, may  cither  refer  to  tlie  diunial  rotation,  or  to  the  continual 
descent  before  mentioned;  aud  Cicero  relates'  that  Nicclas  of 
Syracuse  considered  all  tlie  stars  to  ))c  at  rest  and  the  earth 
alone  to  be  in  motion:  the  same  philosopher,  he  adds,  had 
shewn  thai  the  latter,  by  a  movement  on  its  axis,  produced  the 
same  appearance  in  the  heavens  as  would  be  observed  if  these 
were  ui  motion  and  the  earth  at  rest     As  early,  probably,  as 
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le  time  of  Pj'Uiagoras,  the  doctrine  of  the  earth's  diuiBal  re- 
volution appears  to  have  been  mainUuned  in  India ' ;  fur 
Briihma-ti  upta,  quoting  the  words  of  Arj-abhattA,  a  very  ancient 
astronomer  of  that  jiart  of  the  world,  sajs  "  The  sphere  of  the 
Btars  is  slationari',  and  the  e^irth  luaMnf;  a  revolution  pnxhKVs 
the  [apparent]  daily  risings  and  settings  of  the  stats  ani 
planets";  and  though  Brahma-Gupta  endeavours  to  impugn  the 
senlimcot,  asking  why,  if  the  earth  reTolves,  objects  on  its  sur- 
face do  not  fall  away  from  it,  meaning  perhaps,  when  by  the 
revolution,  they  arrive  under  their  former  place;  yet  another 
and  subsequent  commentator,  who  seems  to  have  hved  about 
the  eleventh  century,  justMes  the  opinion  of  Aryabhatta  on  the 
ground  that  the  under  part  of  the  eartli  is  by  tnms  the  upper ; 
and  that  wherever  the  spectator  stands,  on  the  earth's  surfacej 
that  spot  is  the  uppermost  point. 

In  the  dialogue  entitled  Tim  teus  is  contained  an  ample  dcr< 
ment  of  the  ideas  of  the  "  divine  Flato  "  concerning  the  nature  of 
the  universe  which,  as  they  seem  to  have  been  more  aneient 
than  the  notions  ascribed  to  P}'thagorafi,  and  to  have  prcrailed 
Tcry  generally  among  the  Greeks  long  after  tlie  times  of  these 
philosophers,  it  will  be  proper  to  ])resent  here  in  an  abstracted 
form.  Timaius  is  made  to  say  tliat  the  Divinity,  or  the  Supremo 
Intellect,  composed  the  universe  of  fire  and  earth,  in  order  that 
it  might  be  both  visible  and  tangible ;  but,  because  two  things 
in  nature,  he  observes,  cannot  exist  without  the  intervention  of 
'  a  third,  water  and  air  w(.Te  created  and  placed  between  Uie  two 

former  elements :  taking  this  account  in  connexion  with  a  pa»- 
L  eagc  in  Plutarch'*,  where  it  is  stated  that  Flato  considen-d  the 

■  eartli  to  be  iu  the  centre  of  the  system,  it  'n'ill  be  evident  that 

B  'Hmsus  conceived  the  elements  of  water,  air  and  fire  to  recede 

r  from  tlio  earth  as  a  centre  iu  the  order  of  their  densttivs ;  while, 

I  according  to  the  I'j'tliagorean  bypotliesis,  fire,  as  we  hare  said, 

I  was  supposed  to  occupy  the  eentre  of  the  universe :  this  iatlcr 

^  was,  no  doubt,  a  sort  of  heresy  which  arost^  ont  of  the  older 

H  aystcm,  and  was,  cert^nly,  embraced  by  few  persons  tlioiigfa 

H  Plutarch '  quotes  a  passage  from  Theophrasttis  to  shew  that 


■  AiUtlc  RcMcrrliM,  VoL  XII.  '  O*  Placlliii,  tAb.  II.  rap. 

•  Q«r.i.  Pl«t.,«»«.VIII. 
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Plato  in  his  old  af^e  adopted  it,  and  admitted  thai  the  centre 
ought  to  be  appropriated  to  some  more  noble  tilcinent  than  tlie 
earth,  or  rather,  than  terrestrial  substance.  Tintasus  aikls,  tliat 
the  Divinity  gave  to  the  universe  a  spherical  fonn,  observing 
that,  aa  it  was  to  contain  all  beingH  witMu  itself,  its  most  con- 
venient figiu^  was  tliat  which  contaius  all  flgures  within  its 
own ;  meaning;,  perhaps,  the  regular  geometrical  bodies,  which 
may  be  inscribed  witliin  a  sphere ",  or  that  a  sphere  contains 
ihc  greatest  volume  within  a  given  surface.  The  opinion  of  the 
annual  revolution  of  the  earth,  if  indeed  it  be  tnie  tliat  this  was 
meant  by  Aristotle,  may  naturally  enough  have  arisen  out  of  the 
idea  that  the  earth  was  not  in  the  centre  of  the  system;  since,  on 
that  supposition,  it  would  seem  to  have  an  analogy  with  the  pla- 
nets, which  are  observed  to  revolve  about  some  central  point:  it 
is  generally  believed  lo  have  been  first  professed  in  Italy  by  Phi- 
lolaus,  one  of  the  disciples  of  the  Pythagorean  school,  who  lived 
about  ninety  years  later  than  its  founder;  and  according  to 
Plutarch  he,  like  Anaxagoras,  suffered  persecution  for  this  doc- 
trine, which  shocked  the  prejudices  of  men,  in  tliosc  days,  so 
much  as  lo  mbjcct  the  person  who  maintained  it  to  the  imputa- 
tion of  pierversely  op])osiiig  tlie  dictates  of  what  was  then 
considered  as  common  sense,  and  cause  him  to  incur  the  sus- 
picion of  impiety.  Plulolaus  is  said  to  have  resided  in  Etaly 
and  to  have  composed  a  work  on  Uie  universe  which  Plato,  who 
made  a  voyage  to  tliat  country  for  tlie  purpose  of  conversing 
with  him,  introduced  in  tlie  Tima-us. 

To  the  Pythagoreans  was  ascribed  fiifi  opinion,  that  diametri- 
cally oppo^te  to  oiu'  earth,  with  respect  to  ihe  centre  of  the  sys- 
tem, was  another  earth  which  they  called  the  Anlichthoue  j  it  will 
be  difiicult  to  imagine  from  whence  tliis  remarkable  idea  could 
ha've  been  taken  if  it  did  not  arise  from  a  misconception  of  some 
expression  used  by  Pytliagoras  to  designate  the  Antipodes,  in 
which  sense  it  is  used  by  Pomponius  Mela**;  or  to  designate 
the  moon  herself,  as  we  ^d  it  to  have  been  in  the  commentary 
of  Proclus  on  the  Timajua,  But,  if  wo  arc  to  understand  the 
word  as  signifying,  according  to  the  general  opinion,  an  invisible 
body  accompanying  the  earth  in  its  revolution,  we  can  ouly 
■  Prodat  in  Tun.,  Ub.  III.  »  Lib.  I. 
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sspposa  it  to  hare  origiiiatcd  in  the  nolioo  that  when  one  bcxlr 
revolves  ulioiit  a  <Jistant  ceulre,  aiioUier  body  is  ntrctsssary,  no 
iJie  opposite  stidc  of  the  centre,  to  produce  aa  cquilibriiuo  with 
the  former  like  ttial  which  takes  place  when  two  bodies  con- 
nected together  hy  au  inflexible  bar  are  made  tu  turn  on 
fulcrum  eituated  between  them.  Democriw*  of  Abdcm,  wl 
lived  about  450  yearn  before  Christ,  and  whom  Scnoca  d«(i| 
as  the  uiost  iiubde  of  all  the  ancients,  is  said  hy  this  w-rilcr 
have  conjectured  that  there  were  many  bodies  circulating 
the  centre  of  the  universe  but  iuvi^ble  to  us,  on  account  rilher  of 
the  obscurity  of  their  light  or  the  positions  of  their  orbits ;  be 
aacribes  the  same  opinions  to  Artemidonis,  and  from  the  hut 
expression  it  may  be  suspected  that  these  bodies,  like  tlie  An- 
tiehtbonu  above  mentioned,  were  conceived  to  keep  alway.i 
behind  or  opposite  to  that  hemisphere  of  the  earth  which  waa 
tlicn  unknown,  during  the  revolution  of  the  latter:  but  there  is 
not  tlio  least  ground  to  support  the  opinion  of  Sir  W.  Di 
mond,  that  they  «nre  the  satellites  of  Jupiter  and  Saturn  whw 
by  means  of  tlie  telescope,  and  he  endeavours  to  prove 
this  instrument  was  known  to  the  ancients,  he  suppoBcs  the 
Greeks,  Chaldeans  and  Hindus  to  have  discovered. 

Some  of  the  ancients  seem  not  to  have  been  aware  lliat  tbem 
might  be  day-light  in  one  hemisphere  of  the  earth  while 
ness  prevailed  in  the  opposite  ;  and  imagining  that  oil  tlio 
must  be  enlightened  at  one  time,  they  appear  to  have 
tained  an  opinion  that,  for  this  purpose,  each  hemisphere  had 
its  particular  sun  and  moon.     The  Jainas  in  India '  are  said  to 
have  imagined  the  existence  of  two  suns,  as  many  moons  and 
double  sot  of  planets  and  stars,  which  they  supposed  to  rtivi 
about  the   jiyramidal  mountain  occupying  the  middli 
earth :  and  such  notions  are,  probably,  the  foundation  of 
opinion  ascribed  by  Plutarch  to  Xcnophantos  ''  that  there  ex- 
isted a  plurality  of  suus  and  moons.    Cleomedes  mentions, 
an  opinion  that  the  number  of  planets  was  infinite  of  which, 
ubserveK,  live  only  could  bo  seen  hy  us ;  those  invisible  pli 
appear,  hku  tJm  Itiihii  of  llic  Hindus,  to  liavo  bi-vn  conddi 

*  Mat.  Qunt.  liili.  VII.  up.  3  A  13.  ■<  OHginw.  Biuk  IV.  ChMp.  B. 

•  Ailatie  »m.  V«l.  XII.  •  I>c  Pludil.,  lAK  II.  C.p.  B4. 
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as  the  causes  of  tlie  eclipses  of  the  moon ;  a  notion  alhided  to 
by  Lucretius  ■  and  which  was,  certainly,  mainlaiued  in  tiie  in- 
fancy of  astronomy.  But  it  is  an  important  circumstance  in  the 
history  of  the  science  tliat,  before  the  time  of  Plato,  the  opinion 
that  both  hemispheres  were  successively  enhghtcned  by  the  re- 


volution  of  the  earth  on  its  own   centre, 


■  axis,  was  very 


prevalent;  in  proof  of  which  it  may  be  alleged  that  it  is  re- 
ferred to  in  the  Timaeus  j  and  Aristotle  expressly  asserts  tbat 
some  persons  admitted  this  notion  tliough  they  considered  the 
earth  to  be  situated  at  the  centre  of  the  universe. 

'ITie  di.iciplcs  of  Pythagoras  are  saiil  also  to  have  entertained 
the  opinioQ  that  tlie  hxed  stars  are,  like  our  sun,  tlie  centres  of 
systems  of  planets ;  and  it  is  added  that  some  of  those  persons 
considered  the  comets,  not  as  meteors  formed  in  our  atmosphere, 
which  was  the  general  notion,  but  as  planets  subject  to  the 
sun's  influence  and  revolving  about  him.  No  dependence,  how. 
ever,  can  be  placed  upon  such  assertions,  and  many  of  the 
opinions  which  bave  been  ascribed  to  the  members  of  Uiat 
school,  undoubtedly,  originated  in  a  much  later  period. 

Pytliagoras  is  alleged,  probably  with  trutli,  to  have  adopted 
the  notion  of  Anaxagoras  tliat  the  moon  was  iuhabited ;  and  we 
learn  from  Plutarch "  that  he  endeavoiuiMi  to  prove  the  lunar 
plants  and  animals  to  be  more  beautiful,  and  fifteen  times  as 
large  as  those  of  the  earth.  This  is,  indeed,  a  romance  worked 
up  in  the  spirit  of  tlie  adventurous  philosopher  who,  in  the  lan- 
guage of  Dr.  Chalmers,  "  leaving  the  sobriety  of  experimental 
science,  by  vague  and  general  analogies,  makes  a  loose  applica- 
tion of  the  natural  history  of  the  earth  to  that  of  the  planets, 
and  shilts  his  speculations  from  thence  to  the  cliaracter  of  their 
inhabitants,  availing  himself  of  some  slender  correspondence 
between  the  heat  of  the  sun  and  the  moral  temperament  of  the 
people  it  shines  on :"  in  which,  as  the  same  elegant  writer  ob- 
serves, "  he  is  evidently  expatiating  on  the  field  of  imagination 
and  is  venturing  on  a  dark  tmkuown  where  the  wisest  phi- 
losophy is  silence."  Plutarch  ascribes  to  Pythagoras  the  idea 
that  the  lunar  nights  are  fiileen  limes  as  long  as  those  of  the 
earth ;  which,  if  understood  to  mean  liftccn  durations  of  our  day 
'  De  Remm  NsLurfi,  lib.  II.  »  Ue  Pladtia,  Lib.  II.  Cap.  30, 
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and  ni^it,  would  seem  to  Aew  diat  lie  was  wware  oi  the  period 
in  which  the  moon  rerfdres  on  her  axis;  this  is,  howerer, 
doubtful,  and  it  is  more  probable  that  the  length  he  has  assigned 
to  the  Imiar  night  was  obtained  firom  some  one  of  the  ftncifbl 
analogies  in  which  the  learned  men  of  that  age  and  coontiy 
were  so  much  accustomed  to  indulge. 

Another  remarl^able  doctrine  which  q^pears  to  hare  been 
held  bj  Pythagoras,  or  bj  some  of  his  earliest  disciples,  is  that 
the  celestial  spheres,  during  their  rerolnticms  emit  muaical 
sounds  of  rarious  intensities  according  to  their  distances  fiom 
the  earth,  all  which,  howerer,  were  supposed  to  be  inaudible  to 
men^.  Now,  according  to  Plutarch^,  the  interval  from  the 
earth  to  the  fixed  stars  being,  bj  these  philosofdiers,  considered 
as  the  Diapason  or  extent  of  seven  tones,  the  distances  of  the 
seven  planets,  including  the  sun  and  moon,  from  each  other, 
were  expressed  bj  tones  and  halftones  in  different  proportions; 
and  there  can  be  little  doubt  that,  by  this  harmony  of  the 
spheres,  they  only  meant  to  express  the  order  supposed  to  pre- 
vail  in  the  disposition  of  the  several  bodies  which  constitute  the 
universe :  Dr.  Gregory  ^,  however,  draws  from  the  idea  a  proof 
that  the  Pythagoreans  were  acquainted  with  Ae  Newtoniui  law 
of  the  decrease  of  gravity.  He  observes  that  these  phflosophers 
have  veiled  their  doctrine  under  an  allegory  when  they  assert 
that  Apollo  touched  a  seven-stringed  lyre ;  which  he  supposes, 
agreeably  to  an  idea  of  Macrobius  ^,  to  represent  the  sun  and 
seven  planets,  and  to  indicate  that  the  former  retained  the  latter 
in  their  orbits  by  attractive  forces  in  harmonic  proportion ;  and, 
because  the  tones  obtained  from  cords  equally  thick  but  of  dif- 
ferent lengths  are  inversely  proportional  to  the  squares  of  the 
lengths  of  the  cords,  he  infers  that  the  harmonic  proportion 
alluded  to,  in  the  attractive  forces,  is  the  inverse  duplicate  of 
the  distances  of  the  planets  from  the  sun.  Nevertheless  few 
persons  will,  we  imagine,  be  inclined  to  believe  that  the  doc- 
trines of  Pythagoras,  or  of  any  of  liis  disciples,  lay  so  deep  as  is 
here  supposed. 

While  the  science  of  astronomy  was  spreading  towards  the 

*  Ceniorinut,  De  Die  Natali,  csp.  13.  ^  De  Musica. 

*  Attnmomia  ElemeiiUu  *  Macrob.  Sat.  1.  19. 
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West  by  the  labours  of  Uiose  persons  ivlio  weru  educated  in  the 
Crotonian  school,  it  conlinued  to  be  cultivated  in  the  states  of 
Greece ;  where,  about  one  hundred  years  after  tlie  time  of  Py- 
tliagoras,  Democritus  of  Abdera  made  hiniKelf  celebrated  by  his 
efforts  to  assign  a  physical  cause  for  the  origin  of  the  universe. 
This  philosopher,  whose  notions  appear  to  have  been  sub- 
sequently adopted  by  Leueippus  and  Epicunis,  and  are  fully 
developed  in  tlie  poem  of  Lucretius',  and  whoso  system  of 
natuiG  resembles,  in  some  respects,  that  of  Descartes,  is  s^d  by 
Aristotle  **  to  have  taught,  that  innumerable  atoms,  coming  from 
every  part  of  space  and  striking  eacli  other  obliquely,  formed 
vortices  in  which  the  hghter  particles  ascended  towards  the  sur- 
face, or  upper  regions  of  each  vortex,  while  tlie  more  gross 
concreted  together  about  the  centre,  and  tlius  constituted  the 
sun,  planets  and  earth  j  the  latter  he  supposed  to  remain  at  rest 
in  the  central  vortex  where  it  was  formed,  but  the  others  were 
conceived  to  revohe  about  it  at  various  distances,  the  nearer 
planets  moving  with  less  velocity  than  those  more  remote. 

That  astronomical  observations  were  occasionally  made  at  this 
time  in  Greece,  and  that  they  were  registered  and  compared 
together  for  tlie  puqiose  of  regulating  the  calendar,  and  perhaps, 
of  forming  tables  of  the  movements  of  the  sun  and  moon,  is 
rendered  probable  by  the  consideration  Uiat  the  lunar  cycles 
now  began  to  be  employed  in  lliat  country  in  order  to  make  the 
festivals  which  depend  upon  the  moon  fall  in  the  same  season 
of  the  year,  and  to  render  their  commencement  an  epoch  from 
whence  tlie  times  of  the  observed  pheuomeua  of  the  heavens 
might  be  reckoned.  The  Philolaus  above  mentioned  is  stated 
to  have  invented  a  cycle  of  fifty-nine  years  which  he  called  a 
great  year  and  in  which  he  said  were  contjuned  twenty -one  in- 
tercalary moons'.  It  is  uncertain  by  what  estimate  of  the 
length  of  the  solar  year  and  of  the  lime  of  a  lunar  revolution  he 
formed  this  period ;  but,  if  he  considered  the  ftrst  as  equal  to 
3tio  days,  and  the  latter  to  29.75  days,  there  will  be  about  729 
complete  lunations  in  tliat  number  of  years,  and  then,  the  lunar 
year  being  equal  to  twelve  such  lunations,  there  must  be  added 

"  DuCoilu,  Lib.  I. 
I,  Lib.  U.  cap.  30. 
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of  1922 
or  smo&al  n  i  iiIbImi  d  Ar  aKna ;  k  cars  eadi  of 
Ame  was  estbaHed  at  ^+ti  d>P^  (^^^«  daysL)  aad  thai 
niiK^-iniie  socfa  Moodisaiecqpal  lo292^da¥s;  wludiydMre- 
fere,  exceed  the  abore  Taliie  of  S  jean  bjr  one  dajr  and  a  baUl 
Coondeiiiig,  coDfeqpcBtlT,  the  loiiar  jcar  to  cooBst  of  1^ 
or  8  limar  jean  Id  cooisist  of  96  montlis,  tliej  iaiocalated,  in 
eadi  octaeteris,  S  months,  in  oider  to  anke  the  kmar  calendar 
agree  with  the  solar:  the  cnor  of  one  daj  and  a  half  mnsl, 
howerer,  hare  remained,  and  this,  in  160  jean^  niiisl  hare 
amooDted  to  aboot  one  month  ^. 

Bat  the  most  iamoos  cjcle  of  antiqiiitj  is  that  whidi  was  in- 
vented!, or  impTOTed,  and  promolgated  bj  Meton  and  Eoctemon, 
at  Athens,  and  which  began  to  be  emplojed  on  a  dav  correspond- 
ing to  the  16th  of  Jnlj  in  the  jear  4S3  Bdbre  Christ  From  a 
passage  in  Ptolemj^s  Bfathematical  Sjntax'  we  learn  that, 
aec#mling  to  Hipparchus,  in  his  work  on  Emboiismic  AtamikM 
and  J)ay9j  (since  lost,)  the  above  plulosophen  had  foond,  bj 
olitteniiig  the  epoch  of  a  solstice  at  Athens  in  the  jear  S16  of 
Naliiiiiassar,  or  430  Before  Christ,  and  comparing  it  with  one 
€j(  more  ancient  date,  the  length  of  the  solar  tropical  year  to  be 
365  +  i — ry  ^y »>  or  365.2368  days ;  and,  assuming  the  duraticm 
of  a  sjnrxlical  lunar  revolution  to  be  20.53  days,  Meton  is  said 
Ui  have  found  that  10  solar  years  contained  235  lunar  revolu- 
ti^iiiH,  or  10  hmar  years  together  with  7  intercalary  revolutions; 
tlie  lunar  year  l>eing  understood  to  be  equal  to  twelve  revohi- 

'  I'il'-  VIII.  t>  De  Die  N«uli,  cap.  18. 

U%  ApiwreutiU  Cctlatcibuft,  cap.  De  Meniibui.  <  Lib.  III. 
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tJODS,  or  35-1.358  daj-s.  This  cycle  of  nineteen  years,  wliioh  ia 
called  by  the  name  of  its  inventor,  has  l^cen  ever  since  his  time 
employed  for  the  regulation  of  the  public  festivals  depending 
upon  tlie  moon :  it  is  found  in  the  astronomical  works  of  the 
Arabians  and  Hindus ;  but  wlietlier  either  of  these  people  re- 
ceived it  from  the  Greeks,  or  the  Greeks  from  the  Hindus,  or 
nrlietLer  it  was  the  result  of  independent  observations  made  by 
either  people,  it  is  impossible  to  detennine.  The  arrangement 
of  the  calendar,  according  to  Metonwas,  that  of  the  235  months 
of  tiie  cycle,  110  months  should  have  29  days  each,  and  the 
remaining  125  montlis,  30  clays  each;  but  as  this  number  of 
days  exceeds  the  length  of  nineteen  solar  tropical  years  by  about 
one  quarter  of  a  day,  at  the  end  of  four  times  nineteen  years,  or 
76  years,  the  excess  amounts  to  one  solar  day  and  the  cycle 
soon  became  erroneous.  To  remedy  this  evil  Calippus  sub- 
sequently quadrupled  the  former  cycle,  and  proposed  another  of 
76  years,  at  the  end  of  which  time  one  day  was  to  be  omitted : 
this  cycle  began  to  be  employed  in  the  year  330  Before  Christ, 
and  it  ivas  expected  that  it  would  produce  an  exact  agreement 
between  tlie  calendar  and  the  seasons ;  but  the  values  assigned 
to  the  solar  and  lunar  years  not  being  quite  accurate,  sucli  is  not 
the  fact ;  the  eiror  tJienee  arising  in  the  course  of  many  ages,  is 
found,  however,  to  be  of  small  amount. 
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CHAPTER  IX. 

CKLKSTIAL  SPHERES  IMAGINED  BY  THB 

TK«  (^m«t«4ktio(ui  described  by  Eudoxiu- — Uncertaintj  «f  tW 
iMfti^[ii«d  br  this  philosopher  to  the  equinoctial  points.- 
I^id%ixu»  hvmI^^  observations  with  instruments. — The  srstem  of 
sph#rs«  snp|K«M>d  to  hare  been  invented  by  him. — Dispodi 
MHNita  ^  the  pUiHHary  spheres  according  to  Eudoama.— Tlw 
spherva  iiwtt«»ed  by  Calipput—^ature  and  general  lawa  of  thm 
WMU^urio  9t)^er«««  lureatigation  of  the  planetary  orbits 
l^txw  His  di»pi¥»iti\^t  of  the  orbits.— The  eternity  of  the  anii 
bv  ArUl^VK--Hi»  t^nion  that  the  planeu  move  with  eijnal  vdodty.—Hb 
e«tUiial«Hl  m^iitude  of  the  earth  and  sun.— He  augments  the  mnabcr  of 
pUMHMarv  »pKer««.  r^istial  observations  made  by  Pytheas. — OpinioiM  ef 
\\\^  <MWte<il»  iViH^eminiK  the  tides. 

AiUM'r  Hi\tv  ytHir»  ctfterthe  adoption  of  the  Metonic  cycle  a 
tUNH0U|UUu\  of  tho  face  of  the  heavens  and  a  system  of  the  nni- 
vt^iitv  ap)Hsir  to  huvt'  Inxiii  luadc  public  by  Eudoxus  of  Cnidos, 
who  Uxtnl  alnnit  H70  vtvgurs  bofore  Christ  and  was  certainly  one 
t^f  tlio  iiu^t  ivlolumUxl  walbematicians  of  his  time,  since  he  is 
ackuow  KHlf>Hl  to  1h'  thi>  author  of  one  of  the  most  important 
iHH^kA  in  thai  iH^Wtiou  of  the  elements  of  Geometry  which  is 
hai'vHhhI  to  VaioUil  *ll)o  astronomical  works  composed  by  him 
aiv  UM«t«  but  ouo  of  theui«  which  seems  to  have  contained  a  de- 
M\'ti|iUou  of  tho  ooustoUations,  was  imraphrased  by  Aratus  about 
ouo  hmuh'tHl  vt^trs  aiWr  his  time  in  a  poem  still  extant:  finom 
thiN  il  apiHHU^Uiat  tho  inmstollations  into  which  the  heavens  were 
thru  \lividtHl  woro  uoarly  tht>  same  as  those  represented  on  our 
pi'^^Mrut  iH'lcMtial  ^IoIh's*  It  is  found,  however,  that  the  relative 
|ioi*i(iouM  aHMiguiHl  by  Kudoxus  to  tho  fixed  stars  present  very 
luuuohmM  tUHcro|uuioit^«  aiul  it  lias  been  attempted  to  explain 
thoui  by  M\ip|Hwuug  that  tho  phili>sophcr  had  copied  the  places 
of  ilio  Mtani  from  n^gistors  of  ancient  obser>*ations,  which,  having 
boon  uiudo  at  ditlorout  times,  could  not  agree  with  each  other 
ou  account  of  tho  mo\  omont  of  the  equinoctial  points  in  the  in- 
U^rvols ;  but  tiw  irrcguhurity  of  the  errors  is  so  great  as  to  render 
it  inipoHMiblc  to  avoid  com^huliug  Uiat  the  places  of  the  stars 
were  CHtimuied  by  tho  oyo  alouc,  and  witliout  any  attempt  at 
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preciBJon.  Aratus  remarks,  and  his  observations  may  be  con- 
^dered  as  those  of  Eudoxus  himself,  that  the  stars  revolve 
regularly,  meaning  with  equal  angular  velocities,  because  they 
are  permanently  fixed  in  the  celestial  sphere ;  hut  he  adds,  there 
are  some  among  them,  meaning  the  planets,  which  change  their 
places,  performing  revolutions  and  returning  to  conjunction  in 
the  same  part  of  the  heavens  at  the  end  of  various  intervals  of 
time ;  and  he  directs  that  their  places  should  be  observed  by 
referring  them  to  the  fixed  stars  which  they  occasionally  ap- 
proach. From  this  precept  Delambre  concludes  that  the  Greeks 
then  possessed  no  instruments  for  determining  the  longitudes 
and  latitudes  of  stars,  and  that  they  were  almost  entirely  ig- 
norant of  any  theory  of  the  planetary  movementa :  both  these 
consequences,  however,  do  not  uecessarily  follow,  for  it  is  pos- 
sible thai  Eudoxus  may  have  used  instruments  tliougb  Aratus 
has  not  noticed  any  observations  made  with  Uiem,  which  might 
be  because  such  details  do  not  form  fit  subjects  for  a  poem. 

It  would  be  desirable  to  ascertain,  if  possible,  fi^om  the  work 
of  Aratns,  the  position  which  Eudoxus  assigned  to  tiie  equinoc- 
tial or  solstitial  points,  in  order  that  the  subsequent  movement 
of  those  points  might  be  determined  with  precision ;  or,  assnming 
this  to  he  known,  that  the  time  might  be  found  at  which  the 
observations  were  made  from  whence  the  position  so  assigned 
was  discovered ;  but  it  is  to  be  regretted  that  the  description  he 
has  given  does  not  enable  vis  to  arrive  at  any  satisfactorj-  con- 
clusion on  ciOier  of  these  heads.  Eudoxus  mentions  particularly 
the  two  tropics  and  tlie  equator,  observing,  as  is  related  by 
Hipparchus  in  his  commentary  on  Aratus,  that  the  northern 
tropic  touches  the  zodiac  in,  or  about  the  consteUalion  Cancer, 
and  that  U«e  souUieni  tropic  cuts  the  middle  of  Capricornus : 
hence  he  must  have  supposed  the  equinoctial  colure  to  pass 
through  the  middle  of  the  constellation  Aries.  But  the  difficulty 
is  to  ascertain  where  is  the  middle  of  tiiat  constellation ;  for  if 
we  suppose  its  whole  extent  to  be  equal  to  30  degrees,  the  value 
now  given  to  it,  and  tiiat  it  commenced  with  y  Arietis,  which  is 
the  first  remarkable  star  in  it,  and  whose  longitude  is  at  pre- 
sent equal  to  about  SO  degrees,  since  the  equinoctial  colure 
passes  near  a  Andromcdte ;  it  would  follow  that  the  precession 
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fOiilsfliinx^  'UMr  jHM'  I'  (■Jiiii  fDiK  Hit  time  wten  tlie  coiurt  was  in 
Ton  imd&  -ptmc  bssvacL  Tbrwp  «tB&.  wnid  be  S9  d^;reeSy 
-vin:^  Tuanss  'Qh  fwic^  t£  "Ami  pockni  at  about  2900  jean 
Bm!«f-  rr  Bi»axc  fCf  x^ss  befcrt  Osisi;  and  aggyliiig  to 
Gf!imiii&.  viir-  lar^  ^W  jpflsr^  adber  Fyinnras  it  ^ipean  thit 
vtti:  'jiSCu€^  TdnjKir^AisE'  jftaccid  i^  ttbdii]  eqabufx  in  the  sixth 
^  -x  Az»  vindL  r  I3ie  star  7  be  taken  £ar  the  fint  in  the 
r-Tiioni>,  iTviLii  laxnc  the  epoch  to  fht  jear  750  Befiae 
CrrsfC :  ikv«v  i:  s  net  inywiiiMe  ihu.  hy  ohserratioos  made  at 
oat  T<f  i2ke£e  psc>?d»  m  dcypt  <■*  ChaUea,  the  Tcmal  eqninox 
xc£t:i  i*c  f  :<=Mi  !£•  be  sszuied  abmt  the  maddle  of  the  coostdla- 
tacc-  £>i  EitdoxQs..  bemr  icDonoit  of  the  pRcession,  maj  hare 
wnff^iofted  it  to  occnpT  the  same  place  in  his  dars;  bat  this 
atnatioci  is  cofopktc^  at  raziance  viih  that  deduced  from  the 
postic'n  a^azned  br  Eodoxos  to  the  stars  Cactor  and  PoDux, 
both  of  which.  acoDvding  to  UipparchuSy  he  placed  in  the  sol- 
ictitial  colure:  now  the  knptnde  of  PoDox  is  known  to  be 
2*  *20'  44  greater  than  that  of  7  Aiietis,  therefoie  the  eqoinoc- 
tial  |K>iot  should,  if  the  fonner  star  were  in  the  solstitial  colore, 
be  if'  W  westward  of  the  latter  star ;  and,  as  this  was  its  posi- 
tion about  700  years  after  the  time  of  Eadoxns,  there  most 
conser|uent]y  be  some  great  error  either  in  the  work  of  that 
astronomer  or  in  the  paraphrase  of  Aratns,  fiom  whence  Hip- 
f>arehus  drew  the  notice  concerning  the  place  of  Castm'  and 
Pollux.  The  last  mentioned  philosopher,  who  has  pointed  oat 
llijs  niisiake,  obsen-es  also  that  Eudoxus  has  committed  another 
error  in  saying  the  stars  of  Aries  are  too  smaU  to  be  visible  at 
the  lime  of  full  moon,  whereas  three  of  them  are  then  very  dis- 
tingiiiHhable ;  and  Delambrc,  apparently  ^nth  good  reason, 
conHiders  tliese  circumstances  as  proofs  of  inacciuracyy  but  M. 
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DaiUy  endeavours*  to  account  for  them  by  supposing  that  tbo 
tirst  of  tlic  zodiacal  consteUatious,  iu  the  time  of  Eudoxua,  com- 
menced as  in  the  Hindu  astrouoiny  at  a  point  situated  18 
degrees  westward  of  the  circle  of  longitude  passing  through  y 
Arietis.  Now  it  will  be  found,  by  computing  backwards  with 
the  received  value  of  the  precession  that,  in  the  time  of  Eu- 
doxuB,  the  equinoctial  colure  passed  through  y  Arietis,  and  it 
would  follow,  agreeably  to  the  supposition  of  Bailly  and  the 
statement  of  Kudoxus,  that  the  colure  was  then  situated  about 
the  middle  of  the  constellation :  but  the  hypothesis  of  the  French 
astronomer  will  carry  him  no  further ;  on  the  same  supposition 
it  will  he  fouud  Uiat  the  star  Castor  was,  in  the  time  of  Eu- 
doxus,  situated,  in  lon^tudc,  about  ninety  degrees  eastward 
from  the  origin  of  llie  zodiac ;  and  BaiUy  conceives  Uiat  this 
may  have  uiduce<l  him  to  consider  it  as  in  the  solstitial  colure 
though,  in  reality,  it  must  have  been  about  13  degree^  from  it. 
The  remark  of  Eudoxus  concerning  the  invisibility  of  tlic  stars 
of  Aries  admits  of  no  better  explanation,  for  Bailly  evidently 
supposes  that  the  oonstellation  which  Uie  Greek  astronomer 
calls  Aries  coincided  with  that  now  called  Pisces  which,  cer- 
Iain]y>  cont^uns  only  \er}-  small  stars ;  yet,  since  7  Arietis  is 
made  the  middle  point,  it  is  clear  that  tlie  lliree  principal  stars 
of  Aries  must  be  included  in  tlie  same  constellation. 

The  intention  of  Bailly  is  to  prove  that  the  astronomy  of 
Eudoxus  was  derived  from  India,  but  the  circumstances  above 
stated  will  scarcely  be  considered  as  favourable  to  the  opinion, 
and,  even  if  it  should  be  admitted  that  a  zodiac,  whose  com- 
mencement is  in  the  situation  above  supposed,  was  ever  received 
in  Europe,  it  would  be  equally  probable  that  it  came  from 
Chaldea  or  Eg^pt ;  from  wlieuce  also  it  might  have  foimd  its 
way  to  India,  where  it  has  ever  since  continued  in  use,  while, 
in  this  part  of  the  world,  a  new  origin  of  the  constellations  may 
have  been  chosen  soon  afrer  the  time  of  Eudoxus.  Among  the 
ancient  Persians  the  commencement  of  the  zodiac  appears  to 
have  corrcsponde<l  with  that  which  so  long  prevailed  among 
the  Greeks,  and,  no  doubt,  both  people  received  their  astronomy 
from  the  same  school. 

'  AiuoiuMnie  Indimne,  CLap.  X>mci.  4 — 10. 
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-  We  have  given  some  account  of  the  means  which  may 
been  originally  employed  to  divide  the  ecliptic  into  sigiu 
the  purpose  of  designating  the  longitudes  of  stars :  but 
hardly  be  denied  that  Eudoxus  made  use  of  instmments  in  de^ 
tenniuiug  the  dmcs  of  the  cquiuoxes  and  solstices,  it  may  he 
proper  here  to  observe  that  some  hght  has  been  thrown  upon 
the  manner  of  distinguishing  the  places  of  celestial  bodies, 
the  translations  lately  made  of  the  astronomical  norki 
Hindus ;  for  it  is  probable  that  the  practice  of  this  people, 
the  time  when  the  science  flourished  among  tlicm,  was  nearly 
stune  as  that  which  was  pursued  more  anciently  in  other  parts 
the  East.  Mr.  Culebrook,  in  a  paperon  the  Hindu  division  of  th^' 
xodiac,  having  shewn  that  the  ancient  natives  of  India,  in  finding 
the  longitudes  and  latitudes  of  stars  with  circular  instruments, 
made  use  of  a  circle  of  declination  instead  of  a  circle  disposed 
perpendicularly  to  the  ecliptic,  and  caused  its  piano  lo  pa«s 
through  the  star  whose  situation  was  required ;  concludes  that 
the  longitudes  were  rectoned,  on  the  ecliptic  circle,  from  the 
equinoctial  point  to  tlie  intersection  of  the  circle  of  declinadon 
with  the  hitter  circle,  and  that  the  latitudes  were  reckoned  on 
tlio  circle  of  dechnation  from  the  ecliptic  to  tlie  star*.  This 
method  of  observing,  if  we  may  be  allowed  lo  suppose  tliat  it 
was  jiractised  by  Eudoxus  and  other  Greek  astronomers  down 
to  tlie  time  of  Hipparchus,  nill  permit  us  to  consider  that,  tDoro 
anciently, the  equator,  only,  was  divided  into  twelve  ctquaJ  porta, 
or  signs ;  to  accomplish  wliich  by  means  of  the  Clepsydra  woald 
be  a  much  more  easy  task  than  that  of  so  dividing  the  ecliptic ; 
oud  we  may  then  atlmit  that  the  divisions  of  the  latter  circle  wen 
but  nid«^ly  estimated  before  the  invention  of  trigonnmetiy  hf 
Hipporclius,  I3ailly,  indeed,  endeavours  to  shew  that  the 
longitudes  of  celestial  bodies  were  by  Eudoxus  reckoned  on 
equator *•,  but  his  proofs  arc  too  few  to  inspire  confidence;  a 
besides  tlie  probability  of  nn  error  in  one  of  the  numerals 
the  texts  of  such  writers  as  Cirminus  and  Columella,  to  whi 
I  refers,  il  is  by  no  means  certain  that  the  Riant  a  Arieti* 
I  Capricomi  vroxv   by  tliese  autliors  taken  to   designate 

g  of  the  equinoctial  and  solstitial  points. 
*  Aafitic  RMmnliw,  VoL  IX.  *  Atcr.  Anotmiw  Eriiitrc  llv.  Vt.  urt. 
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That  Eudoxus  bad  made  some  obeervalJons  on  the  altitudes 
of  llie  sun  by  the  guomon  or  otherwise,  is  probable  from  a  re- 
mark made  by  Uipparchus  in  quoting  a  work  of  lliis  philo- 
soplier;  he  observes  that  the  declination  of  the  sun  at  the  times 
of  the  winter  and  summer  solstices  did  not  agree  with  each 
other,  and  that  the  ancientn,  probably  meaning  Eudoxus,  con- 
sidered these  variations  to  be  owing  to  certain  small  deviations 
of  the  sun,  in  his  annual  course,  from  the  mathemalical  circum- 
ference of  the  ecliptic.  According  to  Uipparchus  this  deviation 
of  the  sun  in  declination  amounted  to  about  live  minutes  of  a 
degree ;  and  it  is  true  that  there  is  a  deviation  of  the  sun  from 
the  plane  of  the  ecliptic,  which  is  caused  by  the  attraction  of  the 
planets,  but  its  value  is  far  from  being  so  great  as  that  supposed 
by  the  Greek  astronomer,  who  has  evidently  been  misled  by 
errors  of  obsen'ation.  Eudoxus  is  said  to  have  been  the  first  of 
the  Greeks  who  discovered  that  the  moon's  orbit  was  inclined  to 
the  ecliptic,  and  that  the  points  of  her  greatest  latitude  were 
subject  to  a  movement  contrary  to  tlie  order  of  the  signs';  but 
we  have  aJready  shewn  how  the  latter  fact  may  have  been  ascer- 
tained by  means  of  a  register  of  the  solar  and  lunar  eclipses ; 
and,  therefore,  it  is  probable  that  this  philosopher  was  merely 
the  first  wlio  determined  tlie  elements  of  the  lunar  orbit  by  in- 
strumental observations. 

The  chcumstance  which  has  given  particular  celebrity  to  the 
name  of  Eudoxus  is  the  alleged  invention  of  the  system  of  con- 
centric epiieres  by  whose  movements  it  was  attempted  to 
account  for  those  observed  in  the  planets.  It  is  easy  to  con- 
ceive that  a  movement  which  appears  to  take  place  in  any 
direction,  while  the  moving  body  seems  to  remain  always  at  the 
same  distance  from  tlic  observer,  would  be  immediately  ex- 
plained by  considering  the  body  to  be  attached  to  the  surface 
of  a  material  sphere  revolving  on  an  axis.  If  tlie  motion  of 
the  body  should  appear  to  take  place  in  a  plane  which  is  not 
perpendicular  to  the  supposed  axis  of  the  sphere's  motion,  it 
might  be  still  represented  by  supposing  the  sphere  to  which  the 
body  was  attached  to  be,  iLsclf,  contained  within  another ;  this 
within  a  third,  and  so  on ;  each  spherical  shell  being  endowed 
*  SImplicIiii,  Dmunent.  40.  Lib.  It.  Ds  colo. 
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witl)  a  motion  peculiar  to  itself  and  being  capalile  at  oooMawii- 
caling  its  motion  to  the  next,  by  which  means  the  altaclwd  bo^ 
would  appear  to  be  eairied  in  some  direction  obliqoe  U>  tfaaC 
I>roduced  by  the  proper  motion  of  the  sphere  to  trbich  it  be- 
longed :  and  in  tliis  manner  Endoxus  projtosed  to  explain  Ibe 
mntioiis  first  observed  in  the  sun,  moon  and  plimels. 

It  appears  that,  in  its  most  simple  state,  this  ktsIcdi  rcc[itim) 
three  spheres  for  each  planet,  and  one  sphere,  denominmled  tlie 
Primiun  Mobile,  was  supposed  to  enclose  the  whole,  of  i 
the  earth  was  the  common  centre ;  and,  as  the  planets  i 
different  distances  from  tlie  earth,  it  was  necessarv  to  coi 
llir  spheres  as  transparent  or  of  a  crj'stalline  nature  In  order4 
permit  the  remoter  planets  lo  be  seen  through  the  sphet 
those  which  are  nearer. 

Perhaps,  at  the  first  view  of  the  heavens,  it  mar  have  been  s 
posed,  as  was  obsen-cd  in  Chap.  V.,  that  the  siin,  moon  and  s 
were  attached  to  the  concave  surface  of  one  material  and  revolvl 
sphere,  but  the  variety  of  movements  in  the  planetary-  bodies  n 
hare  soon  suggested  the  notion  that  these,  at  least,  were  n 
independently  of  each  other  and  of  the  rest ;  and  it  is  probnU 
enough,from  a  passage  in  Aristotle',  where  it  is  affirmed  thai  the 
Egyptians  and  Chaldeans  understood  tlie  planets  to  be  at  dif- 
ferent distances  from  the  earth,  and  iu  Plato",  where  the  philo 
sopliers  of  Chaldea  and  Egj'pt  arc  said  lo  have  maintained  ll 
the  eighth  sphere  turned  with  the  diurnal  rotalinu  only, 
aniong  these  people,  originated  the  opinion  tltat  each  was  ■ 
taehed  to  a  se]iarale  xphero  by  whose  movement  it  was  c 
about  the  earth.  In  the  lime  of  Endoxus  the  nature  of  t 
more  aucient  planetary  systems  may  have  been  well  bnowu: 
whellier  or  not  tJiey  were  similar  to  that  which  is  altrihuled  lo 
the  Greek  philosopher  no  evidence  remains  to  sliew ;  but  i 
may  safely  allow  that  tlie  latter  is  entitled  to  the  merit  of  hari 
adapted  a  systemof  spheres  to  the  state  of  astronomy  inbisti 
and  perhaps,  of  being  the  first  who  introduced  to  the  ( 
tliat  mode  of  rcpa-senting  tlie  phenomena  of  the  heavens. 

The  must  ancient  accounts  we  have  of  tlie  disjioaition  c 

planetary  spheres,  arc  contiuncd  in  tlie  works  of  Aristotle  i 

■  Df  Colo.  I.ili.  II.  Cap.  13.  •  Dr  Rp|>uMlcii,  l.ili. 
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of  liis  commcniator  SimpliciuB :  from  ihcso  we  find,  that  each 
sjiherc  canied  the  poles  of  ihal  which  was  next  to  it,  towards 
the  interior ;  llial  the  former  always  coinmunicntcd  ila  move- 
ment to  the  latter,  to  produce  either  an  acceleration  or  retarda- 
tion in  the  motion  of  the  planet,  according  as  the  two  spliercn 
moveil  in  tlic  same,  or  in  opposite  directions ;  hut  that  the  infe- 
rior communicated  no  motion  to  the  superior  sphere :  and  that 
all  the  spheres  were  supposed  lo  be  in  contact.  It  seems  to  have 
been  remarked,  that  the  times  in  which  tlie  diurnal  motions  of 
llie  sun  aud  moon  were  performed,  were  something  longer  than 
tliatin  which  the  like  motion  of  the  fixed  stars  was  accomplished; 
hence,  a  paiticuhir  sphere  was  thought  necessary  for  each  of 
those  luminaries^  and  as,  probably,  the  like  retardation  was  sup- 
posed to  take  place  in  the  tUumal  movements  of  the  planeta,  each 
of  these  was,  for  the  same  reason,  fiimished  witli  a  particular 
sphere  in  order  to  produce  that  movement.  The  revoluUon  of 
each  of  tlicse  spheres  was  Euj>posed  to  he  accomplished  about 
the  axis  of  the  earth's  equator,  and  its  velocity  was  supposed  to  be 
equal  to  that  of  tlie  general  sphere  of  the  fixed  stars,  though  the 
motion  it  produced  in  the  planet  to  which  it  belonged  was  less, 
on  account  of  the  retardation  caused  by  Uic  contrary  motion  of 
the  second  or  next  interior  sphere,  wliich  was  imagined  to  Inm 
on  the  axis  of  the  ecliptic.  Some  doubts  seem  to  have  been  en- 
tertained by  the  ancients  concerning  tlie  directions  in  which  the 
proper  motions  of  the  sun,  moon,  and  planets  took  place ;  for  it 
is  observed  by  Geminus",  that  certain  persons,  unwilUng  to  ad- 
mit tlio  existence  of  contrary  movements  in  the  celestial  spheres, 
conceived  the  motion  from  west  to  east  to  be  only  apparent,  and 
the  real  motions  of  those  celestial  bodies  to  he  directed  Irom  cast 
to  west,  bke  that  of  the  sphere  of  the  fixed  stars :  supposing  tliat, 
on  account  of  the  superior  velocity  of  the  latter  sphere,  the 
erratic  bodies  remained  behind  and,  consequently,  seemed  to 
recede  from  the  otliers  in  an  opposite  direction,  llic  opinion, 
however,  is  opposed  by  Gcminus,  and  is,  plainly,  inconsistent 
with  Uie  movements  ascribed  to  the  planets  in  the  systems  of  the 
later  Greek  astronomers ;  yet  it  a])pears  to  have  been  admitted 
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by  Ptolemy,  who  asserts  *  that  the  motion  of  the  Primum  Mobile, 
which  is  directed  from  east  ^jo  west,  is  commmiicated  to  the  dif- 
ferent spheres  (of  the  planets).  In  a  later  age,  notwithstand- 
ing the  increased  complexity  of  the  celestial  machinery,  we  find 
the  idea  of  a  movement  in  the  same  direction  still  retained ;  for 
Alpetragius  observes,  that  all  the  movements  which  are  proper 
to  the  planets  are  modifications  of  that  of  the  Primum  Mobile, 
or  sphere  of  the  fixed  stars :  he  adds,  that  the  power  of  motion 
exists,  essentially,  in  the  latter,  and  is  imparted  to  the  other 
spheres,  becoming  weakened  as  these  approach  the  centre 
of  the  system ;  and  thus  the  planets  seem  to  have  a  proper 
motion,  firom  west  to  east,  which  is  greatest  in  those  nearest 
to  the  earth,  because  they  lose  more  of  the  force  of  the  Primum 
Mobile. 

Simplicius  states^  that  Eudoxus  and  the  philosophers  who 
preceded  him,  probably  the  Chaldeans  or  Egyptians,  supposed 
the  sun  to  be  influenced  by  three  movements.  The  first  was  di- 
rected from  east  to  west,  or,  as  we  have  said,  in  the  order  of  the 
diurnal  revolution  of  the  fixed  stars  and  about  the  same  axis, 
which  was  considered  fixed  in  space ;  and  this  caused  the  daily 
rising  and  setting  of  that  luminary.  The  second  movement  was 
in  a  contrary  direction,  or  from  west  to  ecwt,  by  which  the  sun 
was  carried  in  one  year  through  the  signs  of  the  zodiac,  or,  as 
they  were  then  called,  the  twelve  animals  ;  the  axis  of  revolu- 
tion being  perpendicular  to  the  echptic  and  performing  a  coni- 
cal movement,  in  the  same  time,  about  the  axis  of  the  equator, 
by  which  the  sim  is  made  to  change  his  place  of  rising  and 
setting,  daily,  agreeably  to  the  observed  phenomena.  These  two 
spheres  probably,  at  first,  sufficed  to  explain  the  solar  move- 
ments, but  Simplicius  observes  that,  since  the  changes  of  the 
sun's  declination  are  not  performed  in  precisely  the  same  time 
as  his  revolution  in  longitude,  a  third  sphere  was  found  neces- 
sary. Now  there  is  no  reason  to  believe  that  the  real  movement 
of  the  equinoctial  points  and  the  real  change  in  the  obliqui^  of 
the  ecliptic  were  known  in  the  days  of  Eudoxus,  but  solsticial 
and  equinoctial  observations  made  with  imperfect  instruments 
appear  to  have  given  rise  to  an  opinion  that  the  sun's  greatest 

*  Almagett.  Lib.  XIII.  Cap.  S. 
^  Comment.  4A,  Lib.  II.  De  Ccelo. 
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decltaatiDD  and  the  IJme  of  his  onivnl  at  tlie  equator  were  buUi 
variable,  and  it  seems  to  have  been  tlie  oifice  of  the  lliird  sphere 
to  represent  this  pretended  inequality.  lis  axis  was  supposed 
to  have  a  small  inclination  to  that  of  tlie  ecbptie,  and  tbe  extre- 
mities of  that  axis,  wliicb  were  attaehed  to  the  second  sphere 
at  a  distance  from  tb«  poles  of  the  latter  equal  to  tbe  excess  of 
the  greatest  obsened  declination  of  the  sun  from  tbe  equator 
above  Uie  mean  declination,  were  carried  with  it  in  small  circles 
about  those  poles  while  the  sphere  itself  performed  annually  a  re- 
vulutian  on  its  axis  in  retrograde  order :  thus  the  unn,  which 
was  imagined  to  be  attached  to  this  third  sphere,  would  appear 
tn  describe  a  path  not  coinciding  with  the  ecliptic,  hut  crossing 
it  in  two  points  diamclncolly  opposite  to  each  other,  and  devi- 
ating from  it  as  much  as  the  excess  above  mentioned ;  these  in- 
tersections beiug  carried  in  retrograde  order  through  the  circum- 
ference of  the  ecliptic,  it  woidd  follow,  that  the  restitutions  of 
4he  sun's  declination  take  place  in  less  lime  than  tbe  annual  re- 
volution of  the  sun  in  longitude  is  performed  ;  which  was  sup- 
posed to  be  conformable  to  observation. 

The  lunar  system  of  Eudoxua  was  nearly  similar  to  the  solar  i 
for  he  assigns  to  the  moon  three  spheres  of  which  one,  as  Sim- 
plicius  shews  in  the  work  above  quoted,  revolved  in  the  same 
maimer  as  the  fixed  stars  ;  the  second  revolved  from  west  to  east 
about  tlie  axis  of  the  zodiac  and  carried  the  poles  of  the  third, 
which  were  distant  from  its  own  as  much  as  the  moon's  greatest 
latitude.  By  the  first  of  these  spheres  the  diurnal  motion  of  the 
moon  was  produced ;  and  by  tlie  second  was  exliibited  both 
her  direct  montlily  revolution  in  longitude  and  the  retarda- 
tion of  her  diurnal  motion  with  respect  to  that  of  tlie  fixed  stars. 
The  moon  herself  was  attached  to  the  tliird  sphere  and  thus  was 
carried  by  tlie  motion  of  the  second  along  her  apparent  monthly 
path,  obliquely  to  tlie  ecli])tic,  so  as  to  produce  the  daily  changes 
of  her  latitude :  but  the  third  sphere  performing  in  eighteen 
years  a  revolution  on  im  axis  in  rptrograde  order,  the  nodes  of 
the  moon's  path  were  in  that  time  carried  lliruugb  the  eircum' 
ferenceof  the  zodiac,  in  the  same  order,  agreeably  to  obsenation. 

Aristotle  shews  *  that  Eudoxus  gave  to  each  of  the  planets 
'  JUetaphyaiia,  lib-  Xll.  cap.  B. 
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four  spheres,  of  which  the  first  and  second  were  similar  in  por- 
tion and  movements  to  the  first  two  spheres  of  the  sun  and  mocm: 
for  the  exterior  sphere  of  each  planet  revolved  daily  like  that  at 
tha  fixed  stars  firom  east  to  west,  but  with  less  vdoci^  on  ac- 
count of  the  retardations  caused  by  the  contrary  movement  of 
the  second  sphere.  The  axis  of  the  latter  was  supposed  to  co- 
incide with  that  of  the  zodiac  like  the  axis  of  the  corresponding 
sphere  in  the  systems  appertaining  to  the  sun  and  moon ;  and 
this  sphere  also  revolved  firom  west  to  east,  bnt  in  the  times 
employed  by  each  planet  to  describe  the  circumference  of  the 
zodiac  :  thus,  he  observes,  the  stars  of  Mercury  and  of  Lncifer, 
[Venus]  which  appear  always  to  accompany  the  sun,  are  carried 
round  in  one  year ;  tlie  star  of  Mars,  in  two  years ;  of  Jupiter, 
in  twelve ;  and  of  Saturn,  in  thirty.  The  other  two  spheres  be- 
longing to  each  planet  were  intended  by  Eudoxus  to  produce 
the  alternately  direct  and  retrograde  movements  exhibited  by  all 
the  planets,  and  appear  to  have  been  disposed  in  the  following 
manner:  the  axis  of  the  third  sphere  lay  in  the  plane  of  the 
ecliptic,  by  which  means  the  movement  of  this  sphere  was  per- 
pendicular to  that  of  the  second,  so  that  if  a  star  had  been  placed 
on  any  part  of  the  surface  of  this  sphere  except  in  either  of  its 
poles,  it  would  have  appeared  to  describe  a  circle  about  its  poles, 
and  to  be  alternately  above  and  below  the  ecliptic  while  it  was 
carried  through  its  circumference  by  the  motion  in  longitude, 
by  which  means  it  would  have  been  subject  to  greater  changes 
of  latitude  than  are  consistent  with  the  observed  phenomena :  in 
order,  therefore,  to  remedy  this  imperfection  and,  at  the  same 
time,  produce  the  alternately  direct  and  retrograde  movement, 
it  was  necessary  to  employ  a  fourth  sphere  which  was  made  to 
revolve  upon  an  axis  inclined  to  that  of  the  third  sphere,  and  in 
a  direction  contrary  to  that  of  the  motion  of  the  latter,  but  with 
twice  its  velocity. 

Now,  if  the  pole  a  (Plate  I.  fig.  1.)  of  the  foiuth  sphere  be 
brought  into  the  plane  of  a  great  circle,  as  b  a,  passing,  perpendi- 
cularly to  tlie  ecliptic  c  d,  through  E,  the  pole  of  the  third,  and  if 
a  star  be  then  situated  on  this  fourtli  sphere,  immediately  under 
the  last  mentioned  pole;  since  the  angular  movement  of  the 
Htar  at  i:  about  the  pole  a,  is  twice  as  great  as  that  of  a  about 
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the  polo  E,  and  in  a  contrary  order,  it  will  follow  thai  wlien  a 
has  movpd  tlirough  any  arc,  aa  4  a'  the  star  under  E  will  have 
movod  to  r',  and  this  poiut  will  be  in  the  plane  of  the  ecliptic 
bl^canKe  the  angle  E  A'ii:'  is  double  Uie  angle  a  e  a',  or  its  eqnal 
K  a'c,  formed  by  drawing  a'c  perpendicularly  to  c  d.  And  it  is 
evident  that,  the  distance  of  the  star  from  a  being  equal  to  lliat 
of  the  poles  a  and  E  from  each  otlier,  tlie  star  will  be  always  in 
the  circuinftTence  of  the  ecliptic  su  as  to  appear  from  the  earth 
to  move,  alternately  in  direct  and  retrograde  order,  to  equal  dis- 
tances on  either  side  of  tlic  pole  of  the  third  sphere,  the  extent 
of  the  arcs  of  motion  depending  upon  the  distance  between  the 
two  poles.  In  the  case  here  assumed  the  planet  would  appear 
to  have  no  latitude,  but  if  Uie  distance  of  the  star  from  the 
pole  of  the  fourth  sphere  were  greater  or  less  than  the  distance 
of  this  pole  from  tliat  of  the  third  sphere,  tlie  planet  would  ex- 
perience continual  changes  of  latitude,  and  would  be  in  the 
ecliptic  twice  oidy,  in  one  revolution  of  the  pole  of  the  foiu-th 
sphere.  The  times  in  which  the  retrograde  and  direct  move- 
ments are  performed,  are  not,  however,  equal,  either  in  this  or 
in  tlie  former  case,  because  the  velocity  of  retrogradation  is  only 
equal  to  tlie  difference  between  the  velocities  of  the  star  and  of 
the  pole  E,  and  that  of  the  direct  movement  is  equal  to  tlieir  stun. 
With  respect  to  the  inferior  planets,  the  periods  assigned  by  Eu- 
dof  us  to  the  revolution  of  the  tliird  spliere  are,  for  Venus,  nine- 
teen montlis,  and  for  Mercury,  1 10  days ;  being  nearly  the  times 
which  elapse  between  two  inferior  or  two  superior  conjunctions 
with  the  sun :  and,  if  the  pole  of  tlie  third  sphere  be  supposed 
to  correspond  with  the  place  of  the  sun,  it  is  evident  that  the 
machinery  above  described  will  represent,  though  rudely,  the 
apparent  deviations  of  those  planets  from,  and  their  returns 
towards  that  luminary.  But,  with  respect  to  the  superior  pla- 
nets, the  periods  ho  has  assigned  to  the  revolution  of  the  third 
sphere  are,  for  Mars,  eight  months  and  twenty  days,  and  for  Jupiter 
and  Saturn,  each,  tlirec  months  and  ten  days ;  these  periods  caimot 
be  BO  easily  explained,  but,  probably,  they  relate  to  tlie  times  in 
which  the  arcs  of  direct  or  retrograde  movement  were  supposed 
to  have  been  accomplished  by  those  planets  respectively. 
'Ilius,   as   Simplicius  observes,  the  whole  number  of  spheres 
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imagined  to  exist,  in  the  time  of  Eudoxus  was  twenty-seTen; 
but  these  were  usually  considered  as  eight  spheres  because 
the  three  belonging  to  the  sun,  the  three  to  the  moan,  and  the 
four  to  each  of  the  fire  planets,  were  respectiirelj  reckoned  as 
one  and  there  was,  besides,  the  sphere  of  the  fixed  stars. 

But  some  of  the  inequalities  of  motion  arising  firom  the  ellip- 
ticity  of  the  orbits  of  the  planets,  and  firom  their  motoal  attrac- 
tions, could  not  fail  to  be  discovered  in  proportion  as  obserraiiooB 
became  multiplied  and  more  accurate,  and  it  was  found  necessazy 
to  imagine  new  spheres  in  order  to  represent  these  Yariatioiis; 
this,  it  appears,  was  attempted  by  Calippus  who,  as  Aristotle 
relates  in  the  twelfih  book  of  his  Metaphjrsics,  added  two 
spheres  to  the  three  which  had  been  given  by  Eadoxus  to  the 
8im ;  the  same  number  to  the  system  of  the  moon,  and  one  to 
that  belonging  to  each  of  the  two  inferior  planets.  The  four 
spheres  which  Eudoxus  had  given^to  each  of  the  superior  pla- 
nets were  supposed  sufficient  to  explain  their  movements,  and 
thus,  the  whole  nimiber  of  spheres  including  that  of  the  fixed 
stars  was  thirty-three.  Aristotle  distinguishes  these  into  Astri- 
feras  and  Anastros ;  and  he  observes  that  of  the  fi^rmer  there 
are  eight  and  of  the  latter,  twenty-five.  The  Astriferas,  or  those 
spheres  bearing  stars,  must  have  comprehended  that  of  the  fixed 
stars  and  the  seven  to  which  the  planets  were  attached ;  and 
the  otliers  must  have  been  those  employed  to  give  movement  to 
the  latter  spliercs. 

The  two  additional  spheres  applied  to  the  sun  and  moon  being 
intended  to  produce  the  accelerations  and  retardations  of  motion 
obscn'ed  in  those  celestial  bodies  when  in  perigeo  and  in  apogee, 
rcjspcctively ,  were  probably  situated  within  the  three  former,  simi- 
larly to  the  interior  spheres  assigned  to  each  of  the  five  planets  by 
Eudoxus  :  that  is,  the  axis  of  the  fourth  might  lie  in  the  plane 
of  the  ecliptic,  so  that  the  revolution  of  this  sphere  might  be  per- 
formed perpendicularly  to  that  plane  while  its  pole  was  carried 
along  the  circumference  of  the  zodiac,  in  one  year  for  the  son, 
and  in  one  month  for  the  moon,  by  the  general  motion  of  the  se- 
cond sphere  ;  and  tlie  axis  of  tlio  fifth  might  be  oblique  to  the 
former,  so  that,  by  giving  to  this  last  sphere  twice  the  velocity 
oi  the  fuurt^i  in  a  contrary  direction,  the  sun  or  moon  which 
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was  attached  to  it,  would  be  compelled  to  move  in  or  near  the 
ecliptic,  altematclr  in  direct  and  retrograde  order  with  respect 
to  the  pole  of  the  fourth  sphere ;  but,  if  we  suppose  the  velocity 
of  the  revolution  of  the  sphere  bearing  the  luminary  to  be  loss 
than  that  of  Uie  last-mentioned  pole,  iJie  effect  would  be  that 
the  general  movement  of  the  sun  or  moon  received  merely  an 
alternate  acceleration  or  retardation ;  and  it  is  easy  to  imagine 
tliat,  by  a  due  adjustment  of  the  places  of  the  poles  and  the 
velocities  of  the  spheres,  tlie  phenomena  of  tliose  celestial  bodies 
might,  tliough  still  incompletely,  be  represented.  The  addi- 
tional sphere  given  by  Calippus  to  each  of  the  planets  Mercury 
and  Venus  was,  probably,  intended  to  correspond  with  the  third 
sphere  given  by  Eudoxus  to  the  sun,  in  order  that  the  pole  of 
the  third  sphere  of  each  inferior  planet  might  experience  the 
same  varialious  in  declinalion  that  were  supposed  to  be  observed 
in  tlie  sun,  the  mean  place  of  which  was,  as  we  have  stated,  re- 
presented by  tliat  pole. 

It  may  be  doubted  whether  the  inventor  of  the  system  of  eon- 
centric  spheres  laid  the  least  stress  upon  their  materiality,  though 
this  quahty  seems,  iu  succeeding  times,  to  have  been  implied  in 
all  popular  descriptions  of  the  heavens.  'Dicre  is  nothing,  how- 
ever, in  the  works  of  the  ancient  astronomers  to  shew  tliat  their 
calculations  for  determining  tliu  celeslial  jthenomena  were  in- 
flueiicc<l  by  the  hypothesis  of  material  spheres ;  on  the  contrary 
we  have  abundant  evidence  from  ihe  writings  of  Ptolemy  that 
iheir  practice  wasconductedagreealily  to  the  sup])osition  that  the 
orbits  of  the  heavenly  bodies  existed  only  in  the  imagination. 
The  celestial  spheres  mentioned  by  Plato,  in  bis  dialogue  Timicue, 
probably  meant  tlie  regions  of  space  in  wliicli  the  planets  are 
placed  i  he  calls  theui  immatcriaJ  substances,  yet  seems  to  con- 
Mder  tliem  as  formed  of  a  species  of  fire  which  has  tlie  property 
of  giving  light  without  burning ;  and  each  sphere  is  said  to  be 
accompanied  by  gods,  demons,  and  souls  of  men,  all  partaking 
of  the  nature  and  properties  of  the  particular  spheres  to  which 
they  belong. 

But  the  Greeks  were  a  nation  of  reasoners,  and  their  philoso- 
phy counted  not  so  much  in  analysing  the  works  of  nature  for 
the  puryo&c  of  tiuding  out  the  hidden  causes  of  phenomena,  as 
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iti'iinagiiiiiig  some  first  principle  and  endeavouring  froth  thence 
to  deduce  the  effects  observed.  Of  this  kind  is  the  system  of 
material  and  concentric  spheres,  and  though  it  is  difficult  to 
divine  in  what  manner  they  accounted  for  the  first  cause  of  mo- 
tion or  how  they  supposed  that  the  several  spheres  communicated 
their  movements  to  each  other;  if,  indeed,  these  ever  formed 
die  subjects  of  enquiry ;  yet  we  find  that,  in  the  days  of  Aristotle, 
and  probably  in  those  of  Eudoxus,  they  had  established  certain 
laws  by  which  they  conceived  the  movements  of  the  spheres  to 
be  regulated^  and  the  most  important  of  these  may  be  stated  as 
follow :  I.  A  gpliere  can  fuive  but  one  motion  about  a  quiescent 
aansj  and  that  motion  is  uniform.  II.  A  superior  sphere  may 
move  an  inferior  and  concentric  sphere^  but  the  converse  does 
not  hold  good.  III.  If  two  concentric  spheres  move  upon  tfieir 
acees  in  the  same  directiony  the  inferior  one  has  its  motion  ac-^ 
celerated;  the  contrary  effect  takes  place  if  the  spheres  move  in 
different  directions.  These  principles  are  evidently  involved, 
and  some  of  the  consequences  which  flow  firom  them  are  shewn, 
in  what  has  been  said  above  concerning  the  systems  of  Eudoxus 
and  Calippus ;  which,  as  long  as  they  could  be  made  to  exhibit 
with  tolerable  facUity  the  phenomena  of  the  heavens,  were  uni- 
versally admitted  ;  but  when  their  complexity  became  so  great, 
firom  the  number  of  spheres  necessary  to  represent  the  varieties 
of  planetary  movement,  as  no  longer  to  afford  repose  to  the  mind, 
they  were  abandoned  for  another  which  will  be  hereafter  de- 
scribed. It  may  seem  smprising  that  such  means  should  have 
been  thought  of  for  representing  the  movements  of  the  celestial 
bodies ;  but  it  must  be  observed  that  man  always  endeavours  to 
resolve  a  complex  effect  into' one  or  more  simple  ones  in  order  to 
facilitate  his  comprehension,  or  render  more  intelligible  the  ex- 
planations he  is  called  upon  to  give  of  it,  and  the  same  practice 
even  now  prevails  among  astronomers  who,  thereby,  are  enabled 
to  diminish  the  labour  of  computing  the  places  of  the  sun,  moon, 
and  planets. 

Plato,  who  was  probably  contemporary  with  Calippus,  in  the 
dialogue  Epinomis,  after  observing  that  the  science  of  astronomy 
is  not  that  which  Hesiod  and  other  writers  of  his  day  have  so 
clpnnmlnated,  and  which  relates  only  to  the  times  of  Uie  rising 
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and  Mtling  of  stars,  )iu»  giveua  detail  of  the  several  duties  of  on 
astronomer  from  which  we  may  perceive  what,  in  that  age,  was 
considered  as  such.  He  is  directed  tu  observe  the  aolstices  and 
seasons,  the  duration  of  the  moon's  revolutions  and  the  stars 
which  are  seen  with  the  sun ;  the  last  expression  probably  signiTy- 
iiig  the  elongaliunH  aud  oppositions  of  the  planets  with  respect  to 
that  luminary,  of  which,  as  well  as  of  the  days  of  the  solsticOB 
and  of  tlic  times  and  circumstances  of  eclipses,  there  is  no  doubt 
that  registers  were  then  kept  for  the  purpose  of  determining  the 
periodical  times  of  the  apparent  revolutions  of  the  sun,  moon,  aud 
planets.  What  has  been  just  mentioned  seems  to  have  consti- 
tuted nearly  the  whole  of  practical  astronomy  among  the  early 
Greeks,  but  Plato  has  directed  that  the  philosopher,  in  the  closet, 
should  study  the  theory  of  the  science ;  he  particularly  exhorts 
him  to  consider  tlie  positions  of  the  eight  spheres,  and  to  investi- 
gate the  revolutions  of  the  seven  last  under  the  first ;  and  pro- 
poses that  he  should  labour  to  discover  a  method  of  representing 
by  circles  all  the  appanmt  celestial  motions;  which  may  mean 
that  elTorts  should  be  made  either  to  improve  the  then  existing 
system  of  material  and  concentric  spheres,  or  to  account  for  the 
planetary  movements  by  supposing  them  to  be  performed  in  the 
circumfiTences  of  imaginary  circles,  whether  concentric  or  not. 
The  stationary  appearances  and  tlie  retrograde  motions  of  tlie 
planets  seem  to  have  been  the  great  impediments  to  the  forma- 
tion of  a  satisfactory  system  of  the  universe,  and  a  corresponding 
importance  scums  to  have  been  attached  to  the  investigations 
whose  object  it  was  to  explain  thera.  Ptolemy  informs  us  tliat, 
in  pursuance  of  the  suggestion  of  Plato,  ApoUonius  of  Perga, 
who  hvcd  about  24S  years  before  Christ,  was  the  first  to  resolve 
the  problem  concerning  those  appearances  and  motions ;  and 
tliat  be  accomplished  it  by  the  invention  of  epicycles,  on  the 
circumferences  of  which  the  planets  were  supposed  to  move 
while  the  centres  of  those  moved  on  the  circumferences  of  the 
principal  orbits.  The  epicycles  afterwards  became  leading  fea- 
tures in  the  different  systems  of  the  imiverso ;  in  what  are  called 
the  middle  ages  they  were  combined  with  the  material  spheres 
more  anciently  invented,  and  the  combination  produ(|ed  various 
systems,  equally  revolting  from  lliuir  complexity,  which  succes- 
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sively  pievaUed  in  Europe  till  the  days  of  Kepler,  when  the  dis- 
covery of  the  true  nature  of  the  planetary  orbits  caused  them  to 
be  entirely  abandoned. 

The  arrangement  of  the  planets  according  to  the  ideas  of  Plato 
is  exhibited  in  the  dialogue  TimsBUS,  where  it  is  stated  that  the 
Divinity  formed  the  sun,  moon,  and  five  other  stars  called  planets 
for  the  purpose  of  marking  the  divisions  of  time ;  an  office  which 
is  identical  with  that  assigned  to  them  by  Moses,  who  says  they 
were  created  for  signs  and  for  seasons,  for  days  and  for  years. 
These  stars  are  said  to  have  been  placed  in  seven  orbits  or 
spheres  of  which  that  of  the  moon  is  the  first  or  nearest  to  the 
earth,  and  the  orbit  bf  the  sun,  the  second ;  that,  as  the  speaker 
observes,  the  heavens  might  be  completely  enlightened.  Lucife- 
rus,  or  Venus,  and  Stilbos  or  Mercury,  it  is  added,  were  placed 
in  spheres  which  are  endowed  with  a  velocity  of  motion  equal  to 
that  of  the  sun ;  and  this  is  conformable  to  the  hypothesis  of 
Eudoxus,  but  it  is  evident  that  Plato,  like  the  Egyptians,  con- 
sidered the  surfaces  of  these  spheres  to  be  beyond  the  sun  with 
respect  to  the  earth,  for  Timseus  expressly  states  that,  if  placed 
below  the  sun,  they  would  cause  ecUpses,  which  implies  that 
those  planets  were  then  acknowledged  to  be  opaque  bodies : 
such  eclipses  or  transits,  as  they  are  called,  are  phenomena  now 

4 

well  known  to  take  place  when  those  planets  come  between  the 
sun  and  the  earth,  but,  as  they  can  only  be  observed  with 
telescopes,  the  reasoning  of  Timaeus  must  have,  then,  appeared 
conclusive ;  and  it  was  probably  this  argument  which  induced 
Plato  to  assign  the  above  mentioned  disposition  to  the  inferior 
planets,  in  opposition  to  that  supposed  by  Pythagoras,  who,  as 
Plutarch  observes^,  like  the  ancient  Chaldeans,  placed  those 
planets  below  the  sun.  The  three  remaining  planets,  Pyroenta, 
Phaethonten  and  Pha^no,  by  which  epithets  Mars,  Jupiter  and 
Saturn  were  designated,  follow  each  other  in  order,  but  no  ex- 
planation is  given  of  their  orbits  on  account,  as  is  stated,  of  the 
complexity  of  the  subject :  these  planets  may  be  said  to  have 
been,  by  all  philosophers,  placed  beyond  the  sun,  and  the  only 
exception  to  the  general  opinion  is  that  ascribed  to  Anaximander 
and   Metrodorus  who,   according   to    Plutarch  **    assigned   the 

*  De  Musica.  **  D«  Placitis,  Lib.  II.  Cap.  15. 
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highest  place  to  the  ami,  the  nest  lower  to  the  moon  and,  nuder 
them,  tlie  iixed  and  wandering  stars :  a  similar  notion  is  said  to 
hare  been  entertained  by  tlie  Hindus,  but  it  is  probable  that 
both  are  to  be  ronsidered  as  poetical  conceptions  rather  than 
tlie  results  of  philosophical  enquiry. 

The  sphere  of  the  fixed  stars,  or  the  inerratic  sphere,  as  it  is 
called,  was,  Timteus  continues,  fabricated  by  the  Divinity 
chiefly  of  fire  and  of  a  spherical  form,  that  it  might  be  splendid 
to  behold  and  assimilated  to  the  figtuo  of  the  universe :  a  cir- 
L'nlar  motion  was  giwen  to  it,  but  to  the  stars  themselves  were 
adapted  two  movements ;  one  by  which  they  might  all  revolve 
in  the  same  manner,  (from  east  to  west  daily,)  and  the  other,  to 
carry  them  fonvaril  continually ;  which  lias  been  supposed  to 
refer  to  tlic  real,  or  to  a  fancied  motion  of  precession.  These 
stars  were  formed,  as  Timanis  siipposes,  previously  to  the 
planets,  and  he  adds  that  the  Divinity  created  the  earth,  the 
common  sujiporter  of  our  existence,  the  producing  canse  of  day 
and  night,  and  the  most  ancient  of  the  gods :  this,  he  asserts, 
must  not  be  understood  as  immoveable  on  the  axis  of  the  uni- 
verse but  rather,  as  endowed  witJi  a  revolving  motion ;  it  is 
impossible,  however,  to  determine  from  so  brief  a  description 
whether  by  this  is  meant  the  diurnal  or  annual  revolution. 

The  iiart  of  the  subject  which  relates  to  the  practice  of  as- 
tronomy, and  which  would  have  been  the  most  interesting  to 
UB,  is  omitted  by  Timaius ;  who  merely  observes  that,  with  re- 
spect to  the  conjunctions  and  oi^positions,  the  direct  and 
retrograde  movements  of  these  celestial  beings,  as  be  calls  the 
planets,  and  tlie  times  when  they  become  eclipsed,  it  would  be 
fruitless  to  attempt  an  explanation  witliout  inspecting  their  re- 
semblances ;  this  passage,  however,  is  remarkable  as  it  seems  to 
refer  to  some  kind  of  machine,  then  in  use,  for  exhibiting  the 
movements  of  the  planets. 

The  most  celebrated  disciple  of  the  Academia,  or  School  of 
Plato,  was  ArisitoUe,  who  pursued  hia  en<juiries  into  every  de- 
partment of  nature,  and  established  a  system  of  philosophy 
which,  during  nearly  two  thousand  years,  continued  to  be  almost 
the  only  object  of  instniction  in  the  scliools  of  Europe  and  Asia, 
and  was  constanUy  appealed  to  by  tlie  learned  as  containing  a 
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code  of  doctrines  whose  truth  admitted  of  no  dispute.     He  n 
the  author  of  two  works  on  astronomieal  subjects,  one  of  wbid 
is  lost  and  the  other,  entitled  De  C<slo,  contains  only  some  g 
itend  notions,  not  always  just,  concerning  the  form  of  the  eai 
and  llie  movements  of  the  heavens.     In  this  treatise  he  e 
dcavours  to  shew  that  the  universe  existed  from  eternity  and  il 
imjierisbable,  but  his  only  argument  in  support  of  tliis  posiHi 
is  drawn  from  an  idea  that  tlic  celestial  bodies  are  endowed  wi 
circular  motions ;  from  whence  he  concludes  that  they  are  simphf 
substances  different  from  the  four  elements  earth,  water,  air  and 
fire,  and  exceeding  them  in  essence  and  power.     Like  Plato  he, 
also,  designates  them  animals  because  they  seem  to  move  in- 
dependently of  any  sensible  or  external  cause.     The  circular 
motion  implying  an  equilibrium  between  two  contrary  tendencies 
to  move  iu  tiie  direction  of  Uie  radii,  the  ancients  saw  no  rcai 
to  believe  it  could  change  into  any  other  kiud  of  motion  ; 
since  there  was  no  reason  to  suppose  that  motion  once  exi! 
in  a  particular  direction  would    ever  cease  when   tltere  ' 
nothing  to  oppose  it,  the  causa  attfficiens  seemed  to  justify  t 
opinion  that  the  circular  motion  observed  iu  the  heavens  woi 
continue  for  ever :  lasUy,  as  no  reason  can  he  given  why  a  bo 
at  rest  should,  of  itself,  begin  to  move ;  it  was  natiiral  to  col 
elude  that  the  universe  had  existed  from  eternity  in  its  actual 
state.     Such  was  the  reasoning  of  Aristotle  and,  at  the  prcsi-nt 
day,  we  can  only  refer  tlie  origin  of  the  universe,  its  continuance, 
and  its  dissolution,  should   this  last  event  at  any  time  I 
place,  to  Uio  power  and  will  of  the  Deity. 

That  the  planets  moved  in  circular  orbits  and  with  u 
velocities  were  circumstances  universally  admitted  among  t 
ancients.    The  Pythagoreans,   says  Gemitms,  when  first  th 

I  applied  themst^^lves  to  these  subjects,  adopted  that  opinion  con* 

ccming  the  motions  of  tiic  sun,  the  moon,  and  the  erratic  stars ; 
"  because,  in  these  divine  and  eternal  bodies  no  irregtdarity  can 
exist : ""  and  it  will  bo  found  from  the  writings  of  Aristotle  thai 
lliu  notion  rested  Imtli  on  the  supposed  divinity  of  tlie  bea^'only 
bodies  and  on  the  fancied  qualities  of  tiie  circle  "  which,  having 

bneilJicr  beginning  nor  end,  was  considered  as  the  most  perfeal^H 
*  D«  ApjwrratU*  Colatibiu.  "  Do  Cnb,  Lib.  I.  Cap.  %  '^^f 
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of  all  gcomcbical  figures,  and  on  that  account,  alone  proper  lo 
represent  the  celestial  movements.  But  this  imui^ued  uni- 
formity of  movement  was  not  thought  sufficient;  and  it  appears 
that  Aristotle  conceived*  the  real  velocities  of  all  the  planets, 
in  thoir  orbits,  to  be  equal ;  their  different  a]>parcnt  angular  ve- 
locities being  supposed  to  be  caused  by  the  differences  of  their 
distances  from  the  earth,  the  pretended  centre  of  tlieir  motions : 
the  only  reason  given,  however,  for  lliis  opinion  is  that  tlie 
planets  which  are  nearest  the  earlli  had  been  shewn  by  ma- 
thematjcians  to  move  with  the  greatest  (angular)  velocities,  and 
those  more  remote,  with  less,  in  proportion  to  their  distances. 
But  the  proof  must  have  been  imaginary,  since  the  relative  dis- 
tances of  the  planets  were  then  only  known  hypolhetically. 
The  spherical  form  of  the  universe  was,  also,  concluded  from 
the  supposition  of  its  perfection  and  its  existence  fi'om  eternity; 
for  Aristotle  argues  **  that  the  sphere  is  a  perfect  figure  since  it 
is  bounded  by  one  uniform  surface,  and  that  it  is  Uic  most 
ancient  of  figures,  because  that  which  is  perfect  is  necessarily 
anterior  lo  that  which  is  imperfect.  The  sphericity  of  the  moon 
is  more  philosophically  proved  fi-om  a  consideration  of  her 
phases ;  and,  because  the  moon  is  round,  he  concludes  ^  that  all 
the  other  celestial  bodies  most  have  the  same  form. 

Aristotle  admits  tlie  globular  figure  of  the  earth,  and  supports 
the  opinion  by  those  arguments  which  have  ever  since  been 
urged  on  the  subject : 

Iddrct)  teiria  noD  ommbm  omnia  ligna 

Coiupiclmus,  nusquBin  iiiTKnies  fulgere  Quinpiun, 

DoDCC  Niliacas  per  poatum  Tenerii  oraa,  J^^M 

Sed  quareat  Ueliceo,  quibua  ille  lupervenit  ignis,  ^^^^H 

Quod  latenita  Iractui  obntant,  niedJoque  tumora  ^^^^9 

Eripiunl  terne  c«luin,  viiiiequo  cotrceut'.  ^^^^^ 

He  also  asserts  °  that  mathematicians  have  found  its  circumference 
to  be  400,000  stadia,  which  was  probably  ascertained  by  means 
similar  to  those  subsequently  employed  by  Eratosthenes  and 
PosidouiuB,  but  we  are  quite  ignorant  of  the  lengtli  of  the 
stadium  by  which  that  measure  is  expressed.     It  is  rcmEixkablo 


■  De  Cffilo,  Lib.  II.  C*p.  10. 
'  Aairoaoniicoii,  lib.  L  ver.  21 


»  Ibid.  C«p.  4.  '  Ibid.  Cap.  II. 

■  De  Ca^lo,  Lib.  IL  Cnp.  14. 
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that  he  considers  the  south  pole  as  the  highest  part  of  the  uni- 
verse and  the  north  pole  as  the  lowest,  but  the  reason  may  be 
that  persons  inhabiting  the  northern  hemisphere,  going  towards 
the  equatorial  regions  where  the  heat  is  greater,  seem  to  be 
ascending  towards  the  sun,  the  source  of  heat;  and,  going 
northwards,  seem  to  be  descending  from  him.  The  earth,  in 
accordance  with  the  opinion  then  generally  entertained,  that  it 
is  an  inert  mass,  and  the  place  to  which  heavy  bodies  tend  in 
their  descent,  be  considers  *  as  fixed  in  the  centre  of  the  uni- 
verse, which  he  supposes  to  revolve  about  it  In  his  treatise 
De  Meteara  ^,  he  asserts  that  the  shadow  of  the  earth  is  conical, 
assigning  as  a  reason  that  the  sun  is  the  grater  body ;  and,  as 
he  states  that  the  distance  from  the  centre  of  the  earth  to  the 
vertex  of  the  cone  of  the  shadow  is  less  than  the  distance  of  the 
sun  from  the  earth,  it  is  evident  that  he  must  have  considered 
the  diameter  of  the  former  to  be  more  than  double  that  of  the 
latter.  He  notices  the  fact  that  the  moon  always  presents  the 
same  face  to  the  earth,  and  Plutarch  ^  alleges  that  he  conceived 
her  spots  to  be  the  image  of  the  ocean  represented  on  her  sur- 
face as  in  a  mirror.  He  coincides  in  opinion  with  those  who 
have  asserted  that  there  may  be  many  other  planets,  besides  the 
seven  then  knovni,  and  that  they  revolve  about  the  centre  of  the 
imiverse  but  are  concealed  by  the  earth ;  and  he  adds  that  those 
planets  may  be  the  causes  that  we  have  a  greater  number  of 
visible  eclipses  of  the  moon  than  of  the  sun,  since  each  of  them 
as  wcU  as  the  earth,  may  intercept  the  light  of  the  sun :  but 
this  expression,  while  it  betrays  considerable  ignorance  of  the 
celestial  motions,  yet,  demonstrates  the  fact  that  the  cause  of 
lunar  eclipses  was,  then,  wcU  known  to  the  Greeks. 

In  his  treatise  De  Meiaphysica  **,  Aristotle  explains  his  im- 
provement on  the  system  of  concentric  spheres  which  had  been 
proposed  by  Eudoxus  and  Calippus.  According  to  his  com- 
mentator Simplicius,  for  the  text  is  very  obscure,  he  considers 
that  the  system  of  spheres  belonging  to  each  planet  will,  by  its 
connection  with  that  of  the  next  inferior  planet,  cause  the  latter 
system  to  revolve  with  a  movement  equal  in  velocity  and  direc- 

*  De  CgbIo,  Lib.  II.  Cap.  14.  ^  Ibid.  Lib.  L  Cap.  13. 

«  De  Fade,  lect.  2.  «•  Lib.  XII.  Cap.  a 


tioQ  to  that  which  results  fron]  the  combination  of  the  move- 
ments  of  the  spheres  belonging  to  the  fonncr  system ;  and  thus 
he  conceives  that  tlie  movement  of  each  planet  would  be  vitiated 
by  that  of  the  next  exterior  planet ;  in  order,  therefore,  to  cotm- 
teract  this  effect  he  proposL-s  that,  ou  the  exterior  of  the  system 
of  BphereB  belonging  to  each  planet,  except  Saturn,  which  being 
the  most  remote  is  not  affected  by  any  tiling  beyond  it,  there 
should  be  another  system  producing,  by  the  combination  of  its 
movements,  a  motion  equal  and  contrary  to  that  produced  by 
the  next  exterior  system ;  thns  destroying  the  latter  motion  and 
permitting  the  next  intiTior  planet  to  be  moved  only  by  tlie 
action  of  its  own  system  of  spheres.  The  spheres,  therefore, 
which  belong  to  each  planet  are  disiinguislied  by  Aristotle  into 
deferents,  which  arc  tliosc  communicating  motion  to  tlie  planet 
as  in  the  system  of  Calippus,  and  retlituenls,  which  are  those 
employed  to  counteract  tlie  effect  of  the  fonner  on  the  spheres 
of  the  next  inferior  planet ;  and  he  observes  that  the  number  of 
the  latter  which  are  to  be  assigned  to  each  planet  must  always 
be  one  less  tlian  the  number  of  deferents,  probably  because  the 
velocity  of  the  S])heTc  producing  the  diurnal  motion  in  each 
planet  was  tlie  same  as  that  of  Uie  sphere  of  the  fixed  stars,  and 
therefore  no  counteraction  U}  tliat  movement  might  be  thought 
necessary.  The  number  ol'  restituenta  was  supposed  etjual  to 
twenty-two,  and  hence,  that  of  the  spheres  of  both  kinds,  includ- 
ing the  sphere  of  the  fixed  stars,  was  filly-five.  The  opinions 
of  the  ancients  concerning  the  sphere  of  the  fixed  stars,  or,  as  it 
was  commonly  called,  the  eighth  sphere,  so  frequently  alluded 
to  in  their  writings,  are  very  imperfectly  known;  there  is  no 
doubt  that,  originally,  it  was  supposed  to  be  material  and  that 
the  stars  were  imagined  to  be  attached  to  its  interior  surface ; 
but  a  more  philosophical  sentiment  is  expressed  by  tieminus*, 
who  treats  the  above  as  a  vulgar  error ;  he  observes  tliat  some 
stars  are  much  fiirther  from  us  than  others,  and  alleges,  as  the 
reason  why  we  are  not  sensible  of  Uie  fact,  that  the  eye  cannot 
judge  of  distances  in  directions  tending  from  it.  In  the  Somnium 
Scipiimia,  Cicero,  with  whom  Geminus  was  probably  contem- 
porary, sujiposes  the  spectator  to  be  situated  in  the  Via  Lactea, 

*   De  Apparenliii  C4ele>tib>i>. 
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imagined  to  exist,  in  the  time  of  Endoxus  was  twenty-seven; 
but  these  were  usually  considered  as  eight  spheres  because 
the  three  belonging  to  the  sun,  the  three  to  the  moon,  and  the 
four  to  each  of  the  five  planets,  were  respectively  reckoned  as 
one  and  there  was,  besides,  the  sphere  of  the  fixed  stars. 

Bttt  some  of  the  inequalities  of  motion  arising  firom  the  ellip- 
ticity  of  the  orbits  of  the  planets,  and  firom  their  motoal  attrac- 
tions, could  not  fail  to  be  discovered  in  proportion  as  observatiAns 
became  multiplied  and  more  accurate,  and  it  was  found  necessary 
to  imagine  new  spheres  in  order  to  represent  these  Yariatioiis; 
this,  it  appears,  was  attempted  by  Calippus  who,  as  Aristotle 
lelates  in  the  twelfih  book  of  his  Metaphjrsics,  added  two 
spheres  to  the  three  which  had  been  given  by  Endoxus  to  the 
Sim ;  the  same  number  to  the  system  of  the  moon,  and  one  to 
that  belonging  to  each  of  the  two  inferior  planets.  The  four 
spheres  which  Eudoxus  had  g^ven^to  each  of  the  superior  pla- 
nets were  supposed  sufficient  to  explain  their  movements,  and 
thus,  the  whole  niunber  of  spheres  including  that  of  the  fixed 
stars  was  thirty-three.  Aristotle  distinguishes  these  into  Astri- 
feras  and  Anastros ;  and  he  observes  that  of  the  fi^rmer  there 
are  eight  and  of  the  latter,  twenty-five.  The  Astriferas,  or  those 
spheres  bearing  stars,  must  have  comprehended  that  of  the  fixed 
stars  and  the  seven  to  which  the  planets  were  attached ;  and 
the  others  must  have  been  those  employed  to  give  movement  to 
the  latter  splieres. 

The  two  additional  spheres  applied  to  the  sun  and  moon  being 
intended  to  produce  the  accelerations  and  retardations  of  motion 
obsen'ed  in  those  celestial  bodies  when  in  perigeo  and  in  apogeo, 
respectively,  were  probably  situated  witliin  the  three  former,  simi- 
larly to  the  interior  spheres  assigned  to  each  of  the  five  planets  by 
Eudoxus  :  that  is,  the  axis  of  the  fourth  might  lie  in  the  plane 
t)f  the  ecliptic,  so  that  the  revolution  of  this  sphere  might  be  per- 
formed perpendicularly  to  that  plane  while  its  pole  was  carried 
along  the  circumference  of  the  zodiac,  in  one  year  for  the  son, 
and  in  one  month  for  the  moon,  by  the  general  motion  of  the  se- 
cond sphere  ;  and  the  axis  of  the  fifth  might  be  oblique  to  the 
former,  so  that,  by  Ki^'i'^g  *^  ^^"^  ^^st  s])here  twice  the  velocity 
oi  the  fourth  in  a  contrary  direction,  the  sun  or  moon  which 
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was  attached  to  it,  would  be  compelled  to  move  iu  or  near  the 
ecliptic,  alternately  in  direct  and  retrograde  order  wilh  respect 
to  the  pole  of  the  fourth  splierc  ;  but,  if  we  suppose  the  velocily 
of  the  revolution  of  the  sphere  bearing  tlie  luminary  to  be  less 
than  that  of  Uie  last-meationed  pole,  the  effect  would  be  that 
the  general  movement  of  the  sun  or  moon  received  merely  an 
alternate  acceleration  or  retardation ;  and  it  is  easy  to  imagine 
tliat,  by  a  due  adjustment  of  the  places  of  the  poles  and  the 
velocities  of  tlie  spheres,  the  phenomena  of  those  celestjal  bodies 
might,  though  still  incompletely,  be  represented.  The  addi- 
tional sphere  given  by  Calippus  to  each  of  the  planets  Mercury 
and  Venus  was,  probably,  intended  to  correspond  with  the  third 
sphere  given  by  Eudoxus  to  the  sim,  ui  order  that  the  pole  of 
the  third  sphere  of  each  inferior  planet  might  experience  the 
same  variations  in  declination  that  were  supjtoscd  to  be  observed 
in  the  sim,  the  mean  place  of  which  was,  as  we  have  stated,  re- 
presented by  that  pole. 

It  may  be  doubted  whether  the  inventor  of  the  system  of  con- 
centric spheres  laid  tlie  least  stress  upon  tlieir  materiality,  though 
this  quality  seems,  in  succeeding  times,  to  have  been  implied  in 
all  popular  descriptions  of  the  heavens.  'Utere  is  nothing,  how- 
ever, iu  the  works  of  the  ancient  astronomers  to  shew  that  their 
calculations  for  determining  the  celestial  phenomena  were  in- 
fluenced by  the  hypothesis  of  material  spheres ;  on  the  contrary 
we  have  abundant  evidence  from  tlie  writings  of  Ptolemy  that 
theirpracticcwasconducted  agreeably  to  the  supposition  that  the 
orbits  of  the  heavenly  bodies  existed  only  in  the  imagination. 
The  celestial  spheres  mentioned  by  I'lato,  in  his  dialogue  Timteus, 
probably  meant  the  regions  of  space  in  wliich  the  planets  are 
placed ;  he  calls  them  immaterial  substances,  yet  seems  to  con- 
sider Iheni  as  formed  of  a  species  of  fire  which  has  the  property 
of  giving  light  without  burning ;  and  each  sphere  is  said  to  be 
accompanied  by  gods,  demons,  oiid  souls  of  men,  all  partaking 
of  tlio  nature  and  properties  of  llie  particular  spheres  to  which 
they  belong. 

But  the  Greeks  were  a  nation  of  reaeoncrs,  and  their  philoso- 
phy consisted  not  so  much  in  analysing  the  works  of  nature  for 
the  purpose  of  finding  uul  the  hidden  causes  of  phenomena,  as 
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in  imagining  some  first  princiide  and  endeavouring  (Wnfl  tlience 
to  deduce  the  effects  observed.  Of  this  kind  is  the  system  of 
material  and  concentric  spheres,  and  though  it  is  difficuk  to 
divine  in  what  manner  they  accounted  for  the  first  cause  of  mo- 
tion or  how  they  supposed  that  the  several  spheres  communicated 
their  movements  to  each  other;  if,  indeed,  these  ever  foimed 
the  subjects  of  enquiry;  yet  we  find  that,  in  the  days  of  Aristotle, 
and  probably  in  those  of  Eudoxus,  they  had  established  certain 
laws  by  which  they  conceived  the  movements  of  the  spheres  to 
be  regulated,  and  the  most  important  of  these  may  be  stated  as 
follow :  I.  A  sphere  can  have  but  one  motion  about  a  quiescent 
axiSy  and  titat  motion  is  uniform,  II.  A  superior  sphere  may 
move  an  inferior  and  concentric  sphere^  but  the  converse  does 
not  hold  good.  III.  If  two  concentric  spheres  move  upon  their 
axes  in  the  same  direction^  the  inferior  one  has  its  motion  ac- 
celerated; the  contrary  effect  takes  place  if  the  spheres  move  hi 
different  directions.  These  principles  are  evidently  involved, 
and  some  of  the  consequences  which  flow  from  them  are  shewn, 
in  what  has  been  said  above  concerning  the  systems  of  Eudoxus 
and  Calippus ;  which,  as  long  as  they  could  be  made  to  exhibit 
with  tolerable  facility  the  phenomena  of  the  heavens,  were  uni* 
versally  admitted ;  but  when  their  complexity  became  so  great, 
from  the  number  of  spheres  necessary  to  represent  the  varieties 
of  planetary  movement,  as  no  longer  to  afford  repose  to  the  mind, 
they  were  abandoned  for  another  which  will  be  hereafter  de- 
scribed. It  may  seem  surprising  that  such  means  should  have 
been  thought  of  for  representing  the  movements  of  the  celestial 
bodies ;  but  it  must  be  observed  that  man  always  endeavours  to 
resolve  a  complex  effect  into' one  or  more  simple  ones  in  order  to 
facilitate  his  comprehension,  or  render  more  intelligible  the  ex* 
planations  he  is  called  upon  to  give  of  it,  and  the  same  practice 
even  now  prevails  among  astronomers  who,  thereby,  are  enabled 
to  diminish  the  labour  of  computing  the  places  of  the  sun,  moon, 
and  planets. 

Plato,  who  was  probably  contemporary  with  Calippus,  in  the 
dialogue  Epinomis,  after  observing  that  the  science  of  astronomy 
is  not  that  which  Hesiod  and  other  writers  of  his  day  have  so 
denominated,  and  which  relates  only  to  the  times  of  the  rising 
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.'uid  BctUnif  of  start!,  liu»  givou  u  cl<^tuil  of  tlic  several  diUies  of  an 
aslroDODipr  from  which  we  maj-  perceive  what,  in  that  age,  wa.i 
considered  as  such.  He  is  directed  tu  observe  the  solstices  aud 
seasons,  the  dumtioa  of  the  moon's  revolutions  and  the  stare 
which  are  seen  with  the  sim ;  the  last  expression  probably  signify- 
ing the  elongations  and  oppositions  of  tlie  planets  with  respect  to 
that  luminary,  of  which,  as  well  as  of  the  days  of  the  solstices 
and  of  the  times  and  circumstances  of  eclipses,  Oiere  is  no  doubt 
tliat  registere  were  then  kept  for  the  purpose  of  determining  the 
periodical  times  of  tlie  apparent  revolutions  of  tlie  sun,  moon,  and 
planets.  Wliat  has  been  just  mentioned  seems  to  have  consti- 
tuted nearly  the  whole  of  practical  astronomy  among  tlie  early 
Greeks,  but  Plato  has  directed  that  Uie  philosopher,  in  the  closet, 
should  study  the  theory  of  the  science ;  he  particularly  exhorts 
him  to  consider  the  positions  of  the  eight  spheres,  and  to  investi- 
gate the  revolutions  of  the  seven  last  under  the  first;  and  pro- 
poses that  he  should  labour  to  discover  a  method  of  representing 
by  circles  all  the  apparent  celestial  motions;  which  may  mean 
that  cObrts  should  be  made  either  to  improve  Utc  then  existing 
system  of  material  and  concentric  spheres,  or  to  account  for  the 
planetary  movements  by  supposing  them  to  be  performed  in  the 
circumferences  of  imaginary  circles,  wliether  concentric  or  not. 
The  stationary  appearances  and  tlie  retrograde  motions  of  the 
planets  seem  to  have  been  the  great  impediments  to  the  fonna- 
Uon  of  a  satisfactory  system  of  the  universe,  and  a  corresponding 
importance  seems  to  have  been  attached  to  the  investigations 
whose  object  it  was  to  explain  tliem.  Ptolemy  informs  us  that, 
in  pursuance  of  the  stiggestion  of  l^ato,  Apollouius  of  Perga, 
who  lived  about  242  yoara  before  Christ,  was  the  first  to  resolve 
the  problem  concerning  those  appearances  and  motions ;  and 
that  he  accompUshed  it  by  the  invention  of  ppicyclen,  on  the 
circumferences  of  which  the  planets  were  supposed  to  move 
while  the  centres  of  those  moved  on  the  circumferences  of  tho 
principal  orbits.  The  epicycles  afterwards  became  leading  fea- 
tures in  the  different  systems  of  the  universe ;  in  what  are  called 
the  middle  ages  they  were  combined  with  the  material  spheres 
more  anciently  invented,  and  the  combination  produtjed  various 
syitems,  equally  revolting  from  tJieir  complexity,  which  succes- 
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(siTcly  prevailed  in  Europe  till  the  days  of  Kepler,  when  the  dk- 
coveiy  of  the  true  nature  of  the  planetary  orbits  caused  them  to 
be  entirely  abandoned. 

The  arrangement  of  the  planets  according  to  the  ideas  of  Flato 
is  exhibited  in  the  dialogue  Timaeus,  where  it  is  stated  that  the 
Divinity  formed  the  sun,  moon,  and  five  other  stars  called  planets 
for  the  purpose  of  marking  the  divisions  of  time ;  an  office  which 
is  identical  with  that  assigned  to  them  by  Moses,  who  says  they 
were  created  for  signs  and  for  seasons,  for  days  and  for  yean. 
These  stars  are  said  to  have  been  placed  in  seven  orbits  or 
spheres  of  which  that  of  the  moon  is  the  first  or  nearest  to  the 
earth,  and  the  orbit  bf  the  sun,  the  second;  that,  as  the  speaker 
observes,  the  heavens  might  be  completely  enlightened.  Ladfe- 
rus,  or  Venus,  and  Stilbos  or  Merciury,  it  is  added,  were  placed 
in  spheres  which  are  endowed  with  a  velocity  of  motion  equal  to 
that  of  the  sun ;  and  this  is  conformable  to  the  hjrpothesis  of 
Eudoxus,  but  it  is  evident  that  Plato,  like  the  Egyptians,  con- 
sidered the  surfaces  of  these  spheres  to  be  beyond  the  sun  with 
respect  to  the  earth,  for  Tima^us  expressly  states  that,  if  placed 
below  the  sun,  they  would  cause  ecUpses,  which  implies  that 
those  planets  were  then  acknowledged  to  be  opaque  bodies: 
such  eclipses  or  transits,  as  they  are  called,  are  phenomena  now 
well  known  to  take  place  when  those  planets  come  between  the 
sun  and  the  earth,  but,  as  they  can  only  be  observed  with 
telescopes,  the  reasoning  of  Tima^us  must  have,  then,  appeared 
conclusive ;  and  it  was  probably  this  argument  which  induced 
Plato  to  assign  the  above  mentioned  disposition  to  the  inferior 
])lanets,  in  opposition  to  that  supposed  by  P^^thagoras,  who,  as 
Plutarch  observes^,  like  the  ancient  Chaldeans,  placed  those 
])lancts  below  the  sun.  The  three  remaining  planets,  Pyroenta, 
Phaetlionten  and  Phaino,  by  which  epithets  Mars,  Jupiter  and 
Saturn  were  designated,  follow  each  other  in  order,  but  no  ex- 
])huiation  is  given  of  their  orbits  on  account,  as  is  stated,  of  the 
complexity  of  the  subject :  these  planets  may  be  said  to  have 
l>cen,  by  all  philosophers,  placed  beyond  the  sim,  and  the  only 
exception  to  the  general  ()])uiion  is  that  ascribed  to  Anaximandcr 
and   Metrodonis  who,   according   to    Plutarch^    assigned   the 

'  De  Mufiicii.  «'  ]>t  Plodtu,  Lib.  II.  C*p.  16. 
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highest  place  to  the  sun,  the  next  lower  to  the  moon  and,  under 
them,  the  flstHi  and  wandering  stars :  a  simUar  notion  is  said  to 
have  been  entertained  by  the  Hindus,  but  it  is  probable  that 
both  are  to  be  considered  as  poetical  conceptions  rather  than 
the  results  of  philosophical  enquiry. 

The  sphere  of  lie  fixed  stars,  or  the  inerratic  sphere,  as  it  is 
called,  was.  TiniKUa  continues,  fabricated  by  the  Divinity 
chiefly  of  fire  and  of  a  sjtherical  fonn,  that  it  might  be  splendid 
to  behold  and  assimilated  to  the  figure  of  the  universe :  a  cir- 
cular motion  was  given  to  it,  but  to  the  stars  themselves  were 
adapted  two  movements ;  one  by  which  they  might  all  revolve 
in  the  same  manner,  (from  east  to  west  daily,)  and  the  other,  to 
carry  them  forwanl  continually ;  which  has  been  supposed  to 
refer  to  the  real,  or  to  a  fancied  motion  of  precession.  These 
stars  were  formed,  as  Timieus  supposes,  previously  to  the 
planets,  and  he  adds  that  the  Divinity  created  the  earth,  the 
common  supporter  of  our  existence,  the  prodiicbig  cause  of  day 
and  night,  and  the  most  ancit^nt  of  the  gods :  this,  he  asserts, 
must  not  he  understood  as  immoveable  on  the  axis  of  the  uni- 
verse but  rather,  as  endowed  with  a  revolving  motion;  it  is 
impossible,  however,  to  determine  from  so  brief  a  description 
whether  by  this  is  meant  the  diurnal  or  annual  revolution. 

The  part  of  the  subject  which  rtlates  to  tlie  practice  of  as- 
tronomy, and  which  would  have  l>een  the  most  interesting  to 
US,  is  omittctl  by  Timssus ;  who  merely  obsen-es  that,  with  re- 
spect to  the  conjunctions  and  oppositiims,  the  direct  and 
retrograde  movements  of  these  celestial  beings,  as  he  calls  the 
planets,  and  U»e  times  when  they  become  eclipsed,  it  would  be 
fruitless  to  attempt  an  explanation  without  inspecting  their  re- 
semblances ;  this  passage,  however,  is  rBmarkahle  as  it  seems  to 
refer  to  some  kuid  of  machine,  then  in  use,  fur  exhibiting  the 
raovemetits  of  the  planets. 

The  most  celebrated  disciple  of  the  Academia,  or  School  of 
Plato,  was  Aristotle,  who  jmrsued  his  cnnuirics  into  every  de- 
partment of  nature,  and  established  a  system  of  philosophy 
which,  during  nearly  two  thousand  years,  continued  to  be  almost 
the  only  object  of  instniclion  in  the  scliools  of  Kimjpc  and  Asia, 
and  was  constantly  appealed   U>  by  the  learued  as  coutaiuing  a 
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code  of  doctrines  whose  tiuth  admitted  of  no  dispnte.  He  wu 
the  author  of  two  works  on  astronomical  sobjects,  one  of  which 
is  lost  and  the  other,  entitled  l>e  CcbIOj  contains  only  some  ge- 
neral notions,  not  always  jnst,  concerning  the  form  of  the  earth 
and  the  movements  of  the  heavens.  In  this  treatise  he  en- 
deavours to  shew  that  the  universe  existed  from  eternity  and  is 
imperishable,  but  his  only  argument  in  support  of  this  position 
is  drawn  from  an  idea  that  the  celestial  bodies  are  endowed  with 
circular  motions ;  from  whence  he  concludes  that  they  are  simple 
substances  different  from  the  four  elements  earth,  water,  air  and 
fire,  and  exceeding  them  in  essence  and  power.  Like  Plato  he, 
also,  designates  them  animals  because  they  seem  to  move  in- 
dependently of  any  sensible  or  external  cause.  The  circular 
motion  implying  an  equiUbrium  between  two  contrary  tendencies 
to  move  in  the  direction  of  the  radii,  the  ancients  saw  no  reason 
to  believe  it  could  change  into  any  other  kind  of  motion ;  and 
since  there  was  no  reason  to  suppose  that  motion  once  existing 
in  a  particular  direction  would  ever  cease  when  there  was 
nothing  to  oppose  it,  the  catisa  sufficient  seemed  to  justify  the 
opinion  that  the  circular  motion  observed  in  the  heavens  would 
continue  for  ever :  lastly,  as  no  reason  can  be  given  why  a  body 
at  rest  should,  of  itself,  begin  to  move ;  it  was  natural  to  con- 
clude that  the  universe  had  existed  from  eternity  in  its  actual 
state.  Such  was  the  reasoning  of  AristoUe  and,  at  the  present 
(lay,  we  can  only  refer  the  origin  of  the  universe,  its  continuance, 
and  its  dissolution,  should  this  last  event  at  any  time  take 
place,  to  tlie  power  and  will  of  the  Deity. 

'iliat  the  planets  moved  in  circular  orbits  and  with  uniform 
vrlocities  were  circumstances  universally  admitted  among  the 
ancients.  Tlie  Pytliagoreans,  says  Geminus,  when  first  they 
ap])lied  themselves  to  these  subjects,  adopted  Uiat  opinion  con- 
cerning the  motions  of  tlie  sun,  the  moon,  and  the  erratic  stars ; 
"  because,  in  tliese  divine  and  eternal  bodies  no  irregularity  can 
exist:  ''*  and  it  will  be  found  from  the  writings  of  Aristotle  tliat 
Uie  notion  rested  botli  on  the  supposed  divinity  of  the  heavenly 
bodies  and  on  the  fancied  qualities  of  the  circle**  which,  having 
ncitlier  lieginning  nor  end,  was  considered  as  tlie  most  jwrfcct 

"  De  Apparentiif  Ccdestibus.  ^  De  CcdIo,  Lib.  I.  Cap.  3. 


of  all  geometrical  figures,  and  on  that  account,  alone  proper  to 
represent  the  ccletitiol  moicmcnls.  But  this  imaKiued  uui- 
fonnity  of  movement  was  not  thought  aufficieut;  and  it  appears 
that  Arislotle  conceived '  the  real  velocities  of  all  the  planets, 
in  their  orbits,  lo  be  equal ;  their  diSereut  apparent  angular  ve- 
locities being  8U])poscd  lo  be  caused  by  the  diflerenees  of  tlieir 
distances  from  the  earth,  the  prelcndcd  centre  of  their  motions : 
the  only  reason  given,  however,  for  this  opinion  is  that  liie 
planets  which  are  nearest  the  eailh  had  been  shewn  by  ma- 
thematicians to  move  with  the  greatest  (angular)  velocities,  and 
those  more  remote,  with  less,  *«  proportion  to  their  distances. 
But  the  proof  must  have  been  imaginary,  since  the  relative  dis- 
tances of  the  planets  were  then  only  known  hypothetic  ally. 
The  spherical  form  of  the  universe  was,  also,  concluded  from 
the  supposition  of  its  perfection  and  its  existence  from  eternity ; 
for  Aristotle  argues  ^  Uiat  the  sphere  is  a  perfect  figure  since  it 
is  bounded  by  one  uniform  surface,  and  that  it  is  tlie  most 
ancient  of  figures,  because  that  which  is  perfect  is  necessarily 
anterior  to  that  which  is  imiierfect.  The  sphericity  of  the  moon 
is  more  philosophically  proved  from  a  consideration  of  her 
phases ;  and,  because  the  moon  is  round,  he  concludes '  that  all 
the  other  celestial  bodies  must  have  the  same  form. 

AristoUe  admits  the  globular  figure  of  the  earth,  and  supports 
the  opinion  by  those  arguments  which  have  ever  since  been 
urged  on  the  subject : 

Tddrco  terria  non  omniliui  omtiis  aigaa 
Conspidmui,  nuiquain  iiivi-niei  fiil^re  Canopum, 
Donee  Niliacu  per  poiituin  veneris  urai. 
Seal  qiuerenc  Helieen,  quibus  ille  luperrenlt  ignii, 
Quod  blenim  Uvctui  obitant,  mcdiuque  tumore 
Eripiunt  lerrw  offilum,  viauique  nwrcent'. 

He  also  asserts  °  that  mathematicians  have  found  its  circumference 
to  be  400,000  stadia,  wliich  was  probably  ascertained  by  means 
similar  to  those  subsequently  employed  by  EratosUiencs  and 
Posidonius,  but  we  are  quite  ignorant  of  the  length  of  the 
stadium  by  which  that  measure  is  expressed.     It  is  remarkable 
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that  he  considers  the  south  pole  as  the  highest  part  of  the  uni- 
verse and  the  north  pole  as  the  lowest,  but  the  reason  maj  be 
that  persons  inhabiting  the  northern  hemisphere,  going  towards 
the  equatorial  regions  where  the  heat  is  greater,  seem  to  be 
ascending  towards  the  sun,  the  source  of  heat;  and,  going 
northwards,  seem  to  be  descending  from  him.  The  earth,  in 
accordance  with  the  opinion  then  generally  entertained,  that  it 
is  an  inert  mass,  and  the  place  to  which  heavy  bodies  tend  in 
their  descent,  he  considers  *  as  fixed  in  the  centre  of  the  uni- 
verse, which  he  supposes  to  revolve  about  it.  In  his  treatise 
De  Meteora  ^,  he  asserts  that  the  shadow  of  the  earth  is  conical, 
assigning  as  a  reason  that  the  sun  is  the  grater  body ;  and,  as 
he  states  that  the  distance  from  the  centre  of  the  earth  to  the 
vertex  of  the  cone  of  the  shadow  is  less  than  the  distance  of  the 
sun  from  the  earth,  it  is  evident  that  he  must  have  considered 
the  diameter  of  the  former  to  be  more  than  double  that  of  the 
latter.  He  notices  the  fact  that  the  moon  always  presents  the 
same  face  to  the  earth,  and  Plutarch  ^  alleges  that  he  conceived 
her  spots  to  be  the  image  of  the  ocean  represented  on  her  sur- 
&ce  as  in  a  mirror.  He  coincides  in  opinion  with  those  who 
have  asserted  that  there  may  be  many  other  planets,  besides  the 
seven  then  known,  and  that  they  revolve  about  the  centre  of  the 
imiverse  but  are  concealed  by  the  earth ;  and  he  adds  that  those 
planets  may  be  the  causes  that  we  have  a  greater  number  of 
visible  eclipses  of  the  moon  than  of  the  sun,  since  each  of  them 
as  well  as  the  earth,  may  intercept  the  light  of  the  sun :  but 
this  expression,  while  it  betrays  considerable  ignorance  of  the 
celestial  motions,  yet,  demonstrates  the  &ct  that  the  cause  of 
lunar  eclipses  was,  then,  well  known  to  the  Greeks. 

In  his  treatise  De  Metaphysica  **,  Aristotle  explains  his  im- 
provement on  the  system  of  concentric  spheres  which  had  been 
proposed  by  Eudoxus  and  Calippus.  According  to  his  com- 
mentator Simplicius,  for  the  text  is  very  obscure,  he  considers 
that  the  system  of  spheres  belonging  to  each  planet  will,  by  its 
connection  with  that  of  the  next  inferior  planet,  cause  the  latter 
system  to  revolve  with  a  movement  equal  in  velocity  and  direc- 

•  De  CcbIo,  Lib.  II.  Cap.  U.  »»  Ibid.  Lib.  L  Cap.  13. 

•  De  Fade,  sect.  2.  -  Lib.  XII.  C4ip.  8. 
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UoD  to  that  which  rcaulu  from  the  combination  of  tlic  move- 
ments of  the  spheres  belonging  to  the  foraior  syBlt-m ;  and  thus 
be  conceives  that  the  moveintiijt  of  each  planet  would  be  vitiated 
by  that  of  the  next  exterior  planet ;  in  order,  iherefote,  to  coun- 
teract this  effect  he  proposes  that,  on  the  exterior  of  the  system 
of  spheres  belonj^ng  to  each  planet,  except  batum,  which  being 
the  most  remote  is  not  afibcted  by  any  thing  beyond  it,  there 
should  be  another  system  producing,  by  the  combination  of  its 
movements,  a  motion  equal  and  contrary  to  that  produced  by 
the  next  exterior  system ;  tJiu»  destroying  llie  latter  motion  and 
permitting  the  next  interior  plajiet  to  be  moved  only  by  the 
action  of  Its  own  system  of  spheres.  The  spheres,  tlierefore, 
which  belong  to  each  planet  are  distinguished  by  Aristotle  into 
deferents,  which  are  those  communieating  motion  to  tlie  planet 
as  in  the  system  of  CaUppiis,  and  reslituenU,  which  are  those 
employed  to  counteract  tiie  effect  of  the  fonaer  on  the  spheres 
of  the  next  inferior  planet ;  aiid  he  obsenes  tliat  the  number  of 
the  latter  which  are  to  bo  assigned  to  each  planet  must  always 
be  one  less  than  the  number  of  deferents,  probably  because  the 
velocity  of  the  sphere  producing  the  diurnal  motion  in  each 
planet  was  the  same  as  that  of  the  sphere  of  the  fixed  stars,  and 
therefore  no  counteraction  to  that  movement  might  be  thought 
necessar}'.  llie  number  of  reslituents  was  supposed  equal  to 
twenty-two,  and  hence,  tliat  of  the  spheres  of  both  kinds,  includ- 
ing the  sphere  of  the  fixed  »tars>  was  fifty-five.  The  opinions 
of  the  ancients  conceruing  tlie  sphere  of  the  fixed  stars,  or,  as  it 
was  commotdy  called,  the  eighth  sphere,  so  fi'equently  alluded 
to  in  their  writings,  are  very  imperfectly  known ;  there  is  no 
doubt  that,  originally,  it  was  supposed  to  be  material  and  that 
the  stars  were  imagined  to  be  attached  to  its  interior  surface ; 
but  a  more  phUosophical  sentiment  is  expressed  by  Gcminus', 
who  treats  the  above  as  a  vulgar  error ;  he  observes  Uiat  some 
stars  are  much  further  from  us  than  others,  and  alleges,  as  the 
reason  wliy  we  are  not  sensible  of  the  fact,  that  the  eye  cannot 
judge  of  distances  in  directions  tending  fi'om  it.  In  the  Somnium 
SidpionU,  Cicero,  with  whom  Geminus  was  probably  «OQtem- 
porary,  sujiposes  (he  spectator  to  be  situated  in  tlte  Via  Lactca, 
'  De  A(iparcnliii  Cwlatibut. 
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from  whence,  he  says,  may  be  seen  slJirs  srhioh  arc  not 
from  the  earth  ;  which  soems  to  shew  cither  that  the 
sphere  was  thought  to  he  ideal,  or  that,  if  material,  its  tfai< 
was  considered  of  immense  extent. 

In  Uic  age  of  Aristotte  wag  made  the  first  recorded  observatian 
of  the  sun ;  and,  irom  it,  we  derive  a  proof  that  the  Greek 
Domy  must  then  have  penetrated  beyond  the  .\l]>s.  Pytlieaa* 
astronomer  of  Marseilles,  is  said  by  Strabo  *  to  have  set  up  tn 
city  a  gnomon  and,  at  the  noon  of  tlie  day  of  the  gummer-soUtii 
to  have  found  that  the  leiii^h  of  the  shadow  it  cast  was  to  tbo 
height  of  ilie  gnomon  itself  in  the  proportion  of  41^  to  120; 
and,  as  tlie  extremity  of  the  shadow  of  an  upright  pillar  is  fonna) 
by  the  rays  emanating  from  the  upper  limh  of  the  sun,  it  follows 
that  tlic  observed  zenith  distance  of  tliat  part  of  tlie  sun's  disc 
must  have  been  19°  12'  18" ;  therefore,  correcting  this  obs 
tion  on  account  of  the  refraction  of  the  atmosphere,  for  the 
parent  scmi-diamcler  of  the  sun  and,  assuming  the  latitudo 
Marseilles  to  be,  as  is  now  known,  equal  to  43"  17'  43"  nortbf 
con  easily  be  shewn  that  the  obhquity  of  the  ecliptic  to 
equator  must,  in  those  days,  have  amounted  to  23"  49  18' 
detcnninalion  of  considerable  importance  because,  by  com] 
rison  witli  others  subsequently  made,  tlie  progressive  dimiuul 
of  the  ineUnation  of  those  circles  to  each  otlier  has  been  proved. 
Stmbo,  we  must  however  observe,  alleges*"  that  llipparchus,  ini 
tlie  authority  of  Pjtheas,  considered  the  Icngtli  of  Uie  shadow  to 
be  tlie  same  both  at  ^Marseilles  and  Byzantium ;  but  tlie  latitit<)i: 
of  this  last  place  is  less  than  tliat  of  tlic  former  by  about  2j  de- 
grees, tlicrefore  the  observations  made  at  one  or  bolli  of  these 
pliicos  must  have  been  very  erroneons ;  and  if  it  were  not  that 
the  obhquity  of  the  ecliptic,  determined  by  the  lengtli  of  the 
shadow  at  Marseilles,  coincides  nearly  with  that  de<luced  from 
the  rate  of  diiniuution  which  results  from  a  comparison  of  later 
observations,  little  stress  would  be  laid  upon  this  detemiiualiua 
in  siqiport  of  tlic  fact  that  the  inclination  of  the  circles 
changed.  Pytheas  is  said  to  have  made  a  voyage  to  the  Ullii 
Thulc  (Iceland),  where  he  saw  the  sun  touch  the  norlhcm 
of  tJie  horizon  on  tlie  day  of  tlic  sumuor-solstiee  when  at 
•  Umgraphia,  LiU  H.  *  Ibid. 
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lowest  poiut  of  Ill's  diiimol  course ;  a  phenomenon  which  must 
have  tieen  consi(iered  as  deciding  the  questiim  nf  the  earth's 
rotundity,  if  any  doubt  at  that  tinitj  existed  concprning  tiic  fact. 
In  this  age  tlic  inllueiice  of  the  moos  upon  the  waters  of  the 
ocean  appears  to  have  been  obBened ;  for  Plutarch  '  expressly 
states  that  Pytheas  of  Marseilles  imagined  the  increase  of  the 
moon  to  be  accompanied  by  the  rising  of  the  tides,  and  her  wane, 
by  tljeir  fallnig:  it  is,  also,  probable  that  the  Greeks  were,  then, 
orsoon  afterwards,  aware  ofthe  differences  produced  in  the  eleva- 
tion of  the  waters  by  the  union  or  contrariety  of  the  actions  of  t]ie 
sun  and  moon ;  since,  according  to  Strabo  ^,  Posidonius  describes, 
in  the  following  manner,  the  diurnal,  the  inontbly  and  the  annual 
tides.  Speaking  of  the  first,  he  says,  the  ocean  continues  to  rise 
from  the  time  the  moon  is  one  sign  above  the  eastern  side  of  the 
horizon  till  that  of  her  arrival  on  tlic  meridian,  and  to  descend 
from  this  time  till  she  is  near  the  western  side ;  in  like  manner, 
it  again  rises  till  the  raoon  is  on  tlie  meridian  below  the  pole 
and,  subsequentJy,  falls  till  she  has  returned  to  t}ie  east.  Of  the 
second,  he  observes  that  the  tides  arc  said  to  be  extraordinarily 
high  at  the  lime  of  new  and  full  moon,  that  is,  at  her  conjunc- 
tion and  opposition  with  the  sun,  and  extraordinarily  low  when 
the  luminaries  are  in  quadrature ;  such  ai-e,  in  fact,  those  we 
call  spring  and  neap  tides.  With  respect  to  llie  third  kind,  he 
says,  it  is  found  that  the  tides  are  the  highest  when  the  new  and 
full  moons  occur  at  the  times  of  the  equinoxes;  and  similar 
tlescripttons  of  the  tides  are  given  by  Seneca  and  Pliny.  In 
earlier  times  the  wildest  notions  seem  to  have  been  entertained 
concerning  these  phenomena.  Pomponius  Mela'  says  it  was 
the  opinion  of  some  Pythagoreans  that  the  earth  was  a  living 
animal,  and  that  the  flowing  and  ebbing  of  the  sea  were  caused 
by  the  emission  and  inspiration  of  its  breath ;  but  it  is  easy  to 
perceive  that  this  could  have  been  nothing  more  tlian  a  figure  of 
speech.  Plato,  in  his  dialogue  Tiuueus,  makes  the  tides  depend 
upon  the  greater  or  smaller  quantity  of  water  which  flows,  from 
the  mountains  of  Gaul,  into  the  Atlantic  ocean :  and  Seleucus 
ascribes  Uicm  to  a  contrariety  in  the  directions  of  the  movemcnta 
of  the  earth  and  moon,  by  which  the  air,  being  compressed  be- 
■  De  Flwili*,  Ub.  III.  cap.  17.  '  Gcofcmph.  Ub.  III.  '  Oeognph. 
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tween  them,  falls  on  the  Atlantic  and  agitates  it  with  a  recipro- 
cating motion  *.  A  similar  action  on  the  waters  is  supposed  bj 
Aristotle  who,  however,  refers  the  cause  to  the  sun  which,  he 
observes,  moves  the  atmosphere  and  carries  it  about  the  earth ; 
thereby  causing  the  ocean,  alternately,  to  advance,  and  recede 
from,  the  shores. 

*  HaUidi,  ubi  raprA. 
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ASTRONOMICAL  WORKS  OF  THE  EAIILIEST  CIRERK  OBSERVERS. 
Formation  oF  (be  Alt^xuidriin  •chnnL'-  The  geometrical  BTid  aitronomiisl 
worlu  of  Euclid — The  works  of  Aulolycuji— of  Aratu».-Ob«en-Hl!una  made 
by  AriitjUm  and  TimochiiriB.— The  obliquity  of  the  ediplic  and  the  ma^. 
nilude  of  the  earth  determined  by  Emtiwtlienea — His  opinion  conceroing 
the  motion  of  the  earth.  —Method  employed  by  Archimedes  for  measurin); 
the  nin't  litible  diameter.—Sfetbndof  finding  the  parallaxes  of  the  ann  and 
moon,— The  syilems  of  eccentric  orbits,  and  of  concentric  orbits  with  e[ii- 
cj'cIm.— Thevarioni  motions  of  a  [ilaiiet  In  a  nimple  eccentric  orbit  eiplained. 
— The  motion  in  an  L-picycle  eiplained.— Nature  of  the  iilatiecary  revolutions 
ia  the  Eyslem  of  epicycles. 

We  hear  uothing  of  the  Grecian  schools  after  llie  time  of  Aris- 
totle, and  those  Kuropeans  who  sought  to  acquire  a  knowledge 
of  tJie  sciences,  particulurly  of  astronomy,  again  repaired,  for 
that  purpose,  to  Kgypt.  The  Academia  and  the  Stoa  were, 
probably,  still  frequented  by  the  youUi  of  Athens  to  hear  the 
lectures  of  those  who  filled  the  chairs  of  Plato  and  Zeno,  but 
the  successors  of  tlicsc  philosophers  seem  not  to  have  de\iated 
Irom  the  path  they  had  formed,  nor  to  have  added  to  their  dis- 
coveries any  tiling  worthy  of  preservation.  The  decay  of  science 
in  Greece  was,  probably,  caused  by  the  unsettled  state  of  that 
country  after  tlic  deatli  of  Alexander ;  and  its  revival  in  Egypt 
is  to  be  ascribed  to  the  patronage  accorded  to  learuod  men  by 
the  sovereigns  who  were  seated  on  the  throne  of  tlie  Pharaohs. 
After  the  conquest  of  Egj-pt,  Alexander  employed  the  abilities 
of  Dinocrates  in  a  work  more  useful  than  that  of  cutting  Mount 
Athos  into  the  figure  of  a  man,  which  the  artist  liad  proposed 
to  execute,  for  he  appointed  him  to  superintend  the  building, 
near  one  of  the  mouths  of  the  Nile,  of  a  city  which  was  to  be 
called  by  his  name,  and  was,  afterwards,  to  became  so  famous 
in  the  history  of  the  sdenccs.  Here  the  second  Ptolemy,  who 
ruled  the  African  portion  of  his  conquests,  established  a  school 
which,  from  the  talents  of  the  persons  connected  witli  it,  was 
honoured  with  the  e])ithet  Divine:  and  among  these  philoso- 
phers were  some  who  are  distinguished  by  being  the  first  to 
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adopt  the  true  method  of  proceeding  in  the  investigation  of  the 
laws  of  nature,  which  is  that  of  reasoning  not  from  assumed 
hypotheses,  but  from  actual  observation  of  the  phenomena  she 
presents. 

The  celebrated  Euclid,  who  lived  about  three  hundred  years 
before  Christ,  is  the  first  teacher  in  the  institution  at  Alexan- 
dria, whose  works  have  reached  us;  and  we  see  from  his  geo- 
metrical elements  how  much  greater  was  the  attention  then 
paid  to  matters  of  pure  speculation  than  to  those  of  a  physical 
nature.  In  that  work  are  contained  the  principal  properties  of 
lines  and  numbers,  and  of  geometrical  figures  both  plane  and 
solid;  the  equalities  of  the  surfaces  and  solidities  of  these  last, 
under  various  conditions,  are  proved;  and  the  proportions  exists 
ing  between  them  are  exhibited  in  cases  where  comparisons  are 
admissible.  In  every  proposition  the  most  minute  care  is  taken 
to  presence  the  rigour  of  mathematical  demonstration ;  no  proo^ 
from  a  mechanical  comparison  of  magnitudes  is  made  except 
in  a  few  cases  where,  from  the  simplicity  of  the  subject,  a  dif- 
ferent kind  becomes  inapplicable ;  and  scarcely  on  any  occasion 
is  a  thing  required  to  be  done,  the  means  of  doing  which  have 
not  been  previously  given.  This  great  work,  which  has  since 
been  universally  employed  in  elementary  instruction,  is  divided 
into  sixteen  books,  (tlie  two  last  of  which,  however,  are  ascribed 
to  Hypsicles,  another  professor  belonging  to  the  same  establish- 
ment,) and  contains  many  discoveries  of  Pythagoras,  Eudoxus, 
and  other  celebrated  men  among  the  European  Greeks:  but  it 
is  remarkable  that  though  vast  labour  must  have  been  bestowed 
in  the  investigation  of  these  propositions,  some  of -which  are  of 
considerable  intricacy,  no  example  occurs,  in  the  work,  of  the 
application  of  numeral  values  to  the  hnes  or  angles  which  con* 
stitute  the  figures.  It  may  easily,  therefore,  be  conceived  that 
the  values  of  arcs  of  circles  in  the  celestial  sphere  were  not,  in 
Euclid^s  time,  expressed  by  numbers,  and  that  the  determina*- 
tion  of  the  sides  or  angles  of  figures  by  any  process  like  that  of 
trigonometry  had  never,  then,  been  made. 

In  a  treatise  on  optics,  Euclid  shows  how  to  measure  the 
height  of  an  object  by  its  shadow,  or  by  viewing  its  image 
reflected  firom  a  mirror,  but  no  relation  is  stated  between  the 
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anglos  and  sides  of  the  triangle  fonned  by  Uie  object,  the  hori- 
zontal plaiic  aiid  the  visual  ray ;  and  the  result  is  obtained  by  a 
simple  graphical  solution.  In  the  same  work  we  have  an  exam- 
ple of  total  ignonmce  concerning  an  important  point  of  naUiral 
philogophy ;  when,  in  speaking  of  vision,  it  is  said  to  be  obtained 
by  rays  of  light  diverging  from  the  eye  in  right  linos  tending  to 
the  object ;  the  contrary  of  which  is  now  so  well  known.  It  is 
worth  wliile  to  remark  that  Euclid  here  describes  the  forms  which 
cylinders  and  spheres  assume  when  seen  by  the  eye,  because 
this  may  be  considered  as  the  first  circumstance  we  ore  ac- 
quainted with  concerning  thchistoryof  perspective,  to  which  art, 
however,  it  does  not  appear  that  llic  ancients  ever  paid  much 
attention. 

But  we  are  most  immediately  interested  in  a  work  of  Euclid 
emii\edPha!nomena,vhich  relates  to  astronomy,  and,  as  its  name 
implies,  treats  of  the  visible  movements  of  the  heavenly  bodies : 
it  exhibits  some  of  the  first  steps  made  in  a  new  science  by  one 
who  reasons  upon  what  he  sees,  without  going  beyond  the  first 
notions  arising  from  a  view  of  the  heavens ;  and,  Uicrefore,  it 
may  be  considered  as  a  proof  that  astronomy  had  not,  before 
that  time,  been  reduced  to  an  elementary  form.  He  observes 
that  all  tile  fixed  i«tars  describe  circular  movements  about  an 
axis  which  is  oblique  to  the  horizon,  and  tliat  there  is  a  certain 
star  between  Ursa  Major  and  Ursa  Minor  towards  which  ijie  axis 
is  flirected,  a  circumstance  not  strictly  correct,  since  the  star  al- 
luded to,  probably  «  Draconis,  wa£  then  at  the  distance  of  about 
nine  degrees  from  the  norlli  pole ;  but  it  is  Ukely  enough  that 
Euclid,  in  this  statement,  did  not  attempt  any  great  precision. 
TTie  same  star  is  referred  to,  in  a  work  ascribed  to  Eratosthenes, 
aud  designated  the  star  about  which  tlie  heavens  revolve.  For 
reasons  similar  to  those  which  we  have  before  given,  he  conclndcs 
that  the  apparent  movements  of  the  stars  are  conibrmablc  to  those 
of  bodies  on  a  spherical  surface,  and  he  expresses  himself  as  i£ 
lie  considered  the  stars  to  be  allached  to  the  interior  surface  of  a 
materia]  shell  liaving  that  figure.  Like  Thales  he  mentions  the 
tneridian,  the  equator,  the  two  tropics,  and  that  which  was  then 
called  the  arctic  circle,  which  was  a  circle  parallel  to  the  equa- 
tor and  touching  the  horizon  on  the  northern  side ;  consequently 
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it  cut  from  the  sphere  a  segment  containing  all  tliosc  stare  wldcb, 
to  the  view  of  the  obsen-er  at  any  givpu  place,  never  seL  Willi 
these  few  elements  Euclid  fonns  a  number  of  propositions  re- 
lating  to  the  times  at  which  certain  given  arcs  of  the  circles  of 
the  sphere  begin  to  rise  and  set,  and  to  Uiose  which  they  emploj^ 
in  ascending  above,  or  descending  below  the  horizon. 

About  the  time  of  Uiis  distinguished  mathematician,  two  astro- 
nomical works  similar  to  that  just  mentioned,  and,  like  it,  indi> 
eating  tlie  very  infancy  of  the  science,  were  composed  bj 
Autolyciis,  a  disciple  of  the  same  school.  One  of  these  works 
contains  the  definitions  of  parallel,  right  and  obli<]ue  spheres,  and 
exhibits  a  few  of  the  properties  arisuig  out  of  the  revolution  of  a 
sjihere,  witli  a  uniform  motion,  about  on  axis ;  these  are  reduced 
to  propositions  which  are  geometrically  demonstrated  ;  and,  to 
give  an  idea  of  the  nature  of  the  work,  among  many  other  the- 
orems equally  simple,  the  writer  proves  that  every  point  on  ibe 
revolving  s]*here  describes  arcs  proportional  to  the  times ;  that, 
of  two  points  which  ascend  at  tlie  same  instant  above  the  \dxa& 
of  any  oblique  circle,  like  the  horizon,  Uiat  which  is  nearest  to 
the  pole,  in  descending,  arrives  the  latest  at  that  plane,  and  the 
converse.  No  mention  is  made  of  any  observation  ;  and  it  is 
evident  that  all  such  propositions  may  be  illustrated  by  means  of 
an  artificial  globe  on  which  the  circles  of  the  sphere  are  repre- 
sented, 'ilio  other  work  treats  of  tlie  risings  and  settings  of  utan, 
a  subject  which  must,  in  those  days,  have  been  of  considerable 
ini|iortauce,  and  which,  indeed,  during  a  long  period,  constitaled^ 
nearly  the  whole  of  astronomy  ;  by  these  phenomena,  the  placet 
and  movements  of  the  sun  were  determined  and  the  labours  ol 
agriculture  regulated,  for  which  piuposes,  the  daj's  when  the 
principal  stars  woidd  begin  and  cease  to  be  hehacally  vinble 
were  ascertained  and  marked  in  the  calendars.  The 
lions  of  celestial  bodies,  when  in  the  horizon,  have,  howev 
been  long  since  superseded  by  those  on  tlie  meridian,  and 
times  of  the  cosmieal,  heliacal,  and  acronical  risings  and 
of  stars  are  now  contemplated  only  as  far  as  lliey  may  be 
r  to  illustrate  the  writings  of  the  ancient  astronomers 
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began  or  ceased  to  be  visible  would  be,  to  suppose  the  son  at 
Ifa&t  moment  at  a  certain  distance  beluw  the  Lorizoii,  in  the  di- 
rection of  a  vertical  circle  passing  through  the  luminary ;  and 
in  general,  tlie  ancients  actually  supposed  that  distance  to  vary 
from  10  to  IB  degrees,  according  to  the  magnitude  of  the  star ; 
but  Autolycus  estimates  the  distance  of  the  sun  below  the  hori- 
zon, at  the  time  of  the  heliacal  appearance  of  the  star,  by  an  arc 
oflhe  ecliptic  equal  in  extent  to  15  degrees;  a  mode  which  cannot 
fail  to  be  in  many  cases  erroneous,  because,  from  the  different 
angles  which  the  ecliptic  makes  with  the  horizon  in  different 
seasons,  the  sun,  at  a  given  distance  from  the  intersection  with 
the  horizon,  will  be  variously  depressed  in  the  direction  of  a  vor- 
tical circle.  In  tlie  work  of  which  we  are  now  speaking,  Auto- 
lycus proves  that  the  heliacal  risings  of  stars  will  happen  some 
days  later  than  their  cosmical  risings,  and  Uicir  heliacal  settings 
some  days  earlier  than  tlieir  cosmical  settings,  all  which  is  suffi- 
cieuliv  evident ;  and  he,  afterwards,  proves  that,  of  those  stars 
which  rise  and  set,anyone  will  continue  visible  by  night  aboutsix 
months ;  a  loose  determination  which  could  be  of  no  use  but  to 
enable  the  observer  to  anticipate  within  some  days  the  time  at 
which  a  paiiicul^  star  would  first  be  seen  to  rise  in  the  evening, 
and  the  period  during  which  it  may  be  seen  above  the  horizon. 
Is  later  limes,  when  trigonometry  was  applied  to  astronomy,  the 
determinations  of  tlie  risings  and  settings  of  stars  were  more  pre- 
cise, and  tables  were  calculated  to  facilitate  the  computations; 
but  since  the  mode  of  observing  has  changed,  tliesc  have  been 
laid  adde  as  useless.  The  ecliptic  or,  as  Autolycus  calls  it,  the 
zodiac,  nmst,  in  his  days,  have  been  divided  into  twelve  equal 
parts,  since  he  gives  the  name  of  dodecatemories,  or  twelfth 
parts,  to  the  signs  on  that  circle ;  but  tliis  kind  of  division  does 
not  appear  to  have  been,  then,  generally  used. 

About  the  year  270  Before  Christ  Aratus  of  Macedonia  para- 
phrased, as  we  liave  before  obser^'cd,  the  description  of  the  con- 
stellations composed  by  Eudoxus ;  and  tliough  it  is  impossible 
to  say  how  much  he  may  have  added  to  the  original  work,  it 
probably  is  but  little,  since  the  parajihrase  shews  only  the  posi- 
tions of  the  constellations  and  of  the  principal  stars  in  them  re- 
latively to  each  other,  uo  mention  being  made  of  the  lon^tudes 
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or  latitudes^  the  right  ascensions  or  declinations  of  the  celestial 
bodies :  indeed,  of  the  circles  of  the  sphere  themselyes,  he  only 
mentions  the  tropics,  the  equator  and  the  ecliptic  or,  as  he  calls 
it,  the  oblique  circle ;  and  it  is  remarkable  that  he  speaks  of  the 
Galaxy  as  if  it  were  one  of  these.  The  constellation  Libra  is 
not  mentioned,  and  the  claws  of  Scorpio  are  described  as  ex- 
tending far  towards  Virgo.  He  gives  to  the  Pleiades  the  names 
of  the  seven  daughters  of  Atlas,  observing  that  seven  were  for- 
merly reckoned,  though,  in  his  time,  there  were  but  six;  but  he 
adds  that  the  seventh'  is  not  lost,  probably  meaning  that  it  had 
Only  ceased  to  be  visible  of  was  become  very  obscure ;  the  dis- 
appearance of  one  of  these  stars  is  also  remarked  in  a  work  as- 
cribed to  Eratosthenes  who,  with  several  other  celebrated  mathe- 
maticians, was  contemporary  with  Aratus.  There  is  reason  to 
believe  that  in  these  times,  if  not  in  that  of  Eudoxus,  representa- 
tions of  the  heavens  on  a  plane  surfisure  must  have  been  in  use ; 
for,  in  the  description  of  some  of  the  northern  constellations,  a 
misplacement  occiurs  which  Attains,  one  of  the  commentators  on 
the  work  of  Aratus,  conceives  to  arise  from  the  circumstance  that 
the  figures  are  dra^n  as  if  they  were  seen  fix)m  a  point  on  the  ex- 
terior of  the  sphere ;  and  Hipparchus,  in  his  remarks  upon  this 
passage,  asserting  the  mistake,  observes  that  the  figures  are  drawn 
just  as  we  see  them,  meaning  that  they  are  drawn  as  if  seen  by  a 
spectator  placed  at  the  centre  of  the  sphere. 

liitlierto  the  works  of  the  Greek  astronomers  contain  but  a 
dry  enumeration  of  tlie  constellations,  and  a  few  notions  respect- 
ing the  risings  and  settings  of  the  stars;  but  we  are  now  come  to 
a  time  when  tlie  first  efforts  were  made  to  obtain  some  know- 
ledge of  Uie  distances  and  magnitudes  of  the  earth  and  heavenly 
bodies ;  and,  though  the  results  of  these  enquiries  were  very  wide 
of  tlie  truth,  yet  the  methods  employed  in  conducting  them  dis- 
play considerable  ingenuity  and  serve  to  shew  how,  with  better 
inslruments,  a  useful  approximation  to  the  elements  of  the  pla- 
netary system  might  have  been  obtained. 

Among  tlie  illustrious  men  who  distinguished  themselves  at 
Uiis  period  as  observers  of  the  heavens  and  who,  thereby,  con- 
tributed greatly  to  the  advancement  of  astronomy,  Aristyllus 
and  Timocharis,  the  immediate  successors  of  Euclid  and  Autoly- 
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Oils  in  the  School  of  Alexandria,  deserve  particularly  to  he  men- 
tifiiiod,  though  ihey  are  only  known  to  ub  by  ihc  reladon  which 
Ptolemy  has  transmittL-d  *  of  their  observations  for  finding  the 
days  of  the  solstices,  and  the  longitudes  and  declinations  of  the 
stars  Spica  Virginie,  Rrgulus  and  Castor :  the  places  of  these 
stars  are  expressed  in  degrees  and  fractions  and,  therefore,  they 
mast  have  been  ascertained  by  means  of  graduated  instnimenta ; 
which,  consequently,  were  then  in  use  though,  probably,  but  re- 
cently introduced  in  the  practice  of  the  science ;  for  the  two 
astronomers  are,  also,  said  to  have  fixed  the  places  of  planets  by 
tlie  intersections  of  lines  passing  through  the  neighbouiing  fixed 
slars,  and  to  have  estimated  small  distances  in  the  heavens  by 
diameters  of  the  moon ;  sure  proofe  that  the  old  and  less  correct 
methods  of  observing  were  not,  in  their  time,  wholly  abandoned. 
We  shall  heroaller  find  that  the  observations  of  Aristyllus  and 
Timocharis  were  used  by  Hipparchus,  together  n-ith  his  own,  for 
the  purpose  of  ascertaining  the  length  of  the  year;  and  they  are 
supposed  to  have  afforded  this  great  astronomer  a  guide  to  the 
knowledge  of  tlie  movement  of  the  equinoxes.  The  graduated 
instnunents  above  alhided  to  must  have  been  similar  in  construc- 
tion to  those  employed  by  Eratosthenes  who,  in  the  order  of  lime, 
closely  followed  tlie  two  philosophers  above  mentioned ;  and,  in 
the  account  (pven  by  I*toIemy  of  the  labours  of  tliis  mathema- 
tician, we  have  the  first  description  of  the  nature  of  that  kind  of 
instrument  and  of  the  mode  of  its  application  in  making  celesUal 
obscr%-ation8. 

There  appears  to  have  been  placed  in  the  centre  of  a  pensile 
at  Alexandria  a  large  equatorial  armitla  which  was  used  by 
Eratosthenes  or  some  of  his  predecessors  for  the  purpose  of 
finding  the  latitude  of  tho  place  of  observation,  the  obliquity  of 
the  ecliptic  and  the  times  of  the  equinoxes  and  solstices.  It 
consisted  of  one  circle  of  brass,  adjusted  so  as  to  coincide  with 
the  ])lane  of  the  mmdian,  and  of  a  concentric  circle,  parallel  to 
the  eijuator ;  and  it  is  easy  to  conceive  that  by  a  plummet  sus- 
pended firom  tlie  upper  part  of  tlie  instrument,  to  shew  the  po- 
sition of  a  vertical  line,  and  an  alidade  directed  to  a  celestial 
body,  when  on  the  meridian,  the  zenith  distance  and  declination 
•  Almognt,  Lil.  VII,  cnji.  I  and  2. 
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of  that  body  could  be  found.  The  method  of  deienniniiig  the 
axrival  of  the  sun  at  the  equinoctial  point  by  the  same  instru- 
ment may  be  concluded  £rom  an  expression  used  by  Hippaichus 
who  relates,  speaking  of  an  equinox  obsenred  in  the  thirty-second 
year  of  the  third  Calippic  period,  that  twice  in  the  same  day  the 
circle  at  Alexandria  appeared  enlightened  on  both  sides;  the 
first  time,  soon  after  sun-rise,  and  the  second,  about  the  fifth 
hour  or  about  an  hour  before  noon  * ;  it  is  evident,  therefore^ 
that  the  circle  must  have  been  fixed  in  the  plane  of  the  equator 
and  that  the  time  of  the  arrival  of  the  sun  in  that  plane  was  as- 
certained by  the  simultaneous  illumination  of  the  upper  and 
under  surfaces,  or  by  the  shadow  of  the  anterior  part  of  the 
ring  falling  only  upon  the  thickness  of  the  concave  circumference 
at  the  posterior  part,  which,  of  course,  indicated  that  the  sun's 
disc  was  bisected  by  the  plane  of  the  circle  produced.  That  the 
efiect  should  have  taken  place  twice  in  the  day  may  be  accounted 
for  by  the  refraction  of  the  sun*s  light,  in  the  atmosphere,  being 
greater  when  the  celestial  body  was  near  the  horizon  than  when 
near  the  meridian,  which  might  cause  its  centre  then  to  appear 
in,  and  even  above,  the  equator  when  it  was  in  reality  below 
that  plane;  but,  near  noon,  the  diminution  of  the  declination 
might  compensate  the  diminution  of  the  refiraction  and  then  the 
sun^s  centre  would  again  appear  in  the  equator.  And  it  is 
evident  that  since,  in  those  days,  the  efiect  of  refiraction  was 
unknown,  the  time  of  the  equinox,  thus  determined,  must  have 
been,  on  that  account,  erroneous. 

Mention  is  made  by  Ptolemy  of  what  is  called  a  solsticial 
armilla  which  either  was  placed,  or  was  intended  to  be  placed, 
in  the  same  situation,  for  it  is  uncertain  whether  it  was  actually 
constructed  or  whether  it  was  only  proposed.  It  seems  to  have 
resembled  the  last  mentioned  instrument  but  to  have  had  no 
circle  in  the  plane  of  the  equator ;  and,  according  to  Ptolemy's 
description,  it  must  have  been  a  circle  of  brass,  placed  in  the 
plane  of  the  meridian,  having  on  it  two  small  gnomons  or  sights 
(probably  one  at  each  extremity  of  a  moveable  alidade)  that, 
when  the  shadow  of  the  upper  one  covered  that  below,  the 
graduations  of  the  circle  might  shew  the  height  of  the  sun's 

*  Ptolemy,  Almagest,  Lib.  III.  cap.  2. 
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centre  above  the  horizon.  We  hare  no  infonnalion  concerning 
the  nature  of  the  graduations  but,  as  Ptolemy  always  expresses 
his  own  observations  iin  degrees  and  sixths,  it  is  probable  that 
each  degree  was  subdivided  into  six  parts  or  spaces  of  ten 
minutes  each ;  and  Delambrc  supposes  tliat  when  fractions  of 
degrees  less  than  one  sixth  occur  they  were  estimated  by  the 
eye.  With  this  instrument,  if  it  existed,  the  latitude  of  Alexandria 
may  have  been  determined  by  Eratosthenes,  and  Ptolemy  sup- 
poses it  to  have  been  considered  equal  to  30°  58' ;  our  latest 
obserrations  make  it  about  31°  13';  the  difference  is  about 
fifleen  minutes  which  it  will  be  difficult  to  account  for  if  we  sup- 
pose the  obser\'ations  to  have  been  made  with  the  circle  just 
mentioned ;  for  this,  by  giving  the  altitude  of  the  sun's  centre, 
would  have  permitted  a  result  to  be  obtained  much  nearer  the 
■  truth  :  and,  hence,  Delambre  suspects  with  some  reason  that  the 
latitude  had  btscn  determined  not  by  the  armilla  but  by  a  gnomon, 
which,  since  it  gives  the  altitude  of  the  sun's  upper  limb  would, 
if  no  correction  were  made  to  reduce  it  to  the  altitude  of  the 
centre,  cause  the  latitude  to  be  too  small  by  about  that  quantity, 
^Vith  the  determination  of  tiie  latitude  of  the  place  of  obser- 
vation is  connected  the  problem  of  the  obliquity  of  the  ecliptic ; 
and  the  latter  was  probably  attempted  by  Eratosthenes  at  the 
same  time  as  the  former,  eillier  by  obscnring  the  lengths  of  Uie 
shadows  cast  by  a  gnomon,  at  noon,  on  the  days  of  the  summer 
and  winter  solstice,  or  by  taking  the  altitudes  of  the  sun  on  those 
days  with  Uie  solstitial  armilla ;  for  the  difference  of  tliese  alti- 
tudes is  equal  to  the  interval  between  the  trojncs ;  that  is,  to 
dunUe  the  inclination  of  the  ecliptic  to  the  equator.  We  are 
ignorant  which  of  these  means  was  employed  by  Eratosthenes 
and  we  only  know  that  Uie  value  he  obtained  for  the  above- 
mentioned  intenal  was  -gV  of  the  circumference  of  a  circle,  or 
47°  42'  25"  J  hence  the  obliquity  of  the  ecliptic  must  have  been 
23°  61'  12 " ;  which  is  nearly  the  same  as  Ptolemy  found  it  to  be 
from  his  own  obsenations ;  and  this  astronomer  informs  us  tliat 
23°  51'  20"  was  the  measure  of  the  obliquity  employed  by 
HippajchuR. 

The  globular  figure  of  ihc  earth  must  have  been  generally  re- 
cognized and,  as  is  evident  from  the  value  assigned  to  its  circum- 
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i^jwvr*T^  trx  iZzktI'T  cvfc.  Baa  M?iia'iiin|i  ikst  tbest  places  are 
Mr  ttiiuaicd  4a;id  uasL  t&e  eank  2»  «f  a  gybriicai  iagm  or,  at  least, 
tir^r^^j^  ifi  L»:  axFectkn  oi  tl^  mTifian..  ibe  dJttirr  becirceo 
iMixi  f/m«g  aftccfUEiE^Ed.  tike  encmafaiem*'  oi  ihe  eaitli  mi|^t  be 
iA^Vi':bf:fL  Sow  Uii^  ciAaxe  wmt  ^temsuwed  br  order  of  the 
fr^i  <;niSK«':;ut  ^aA  ujuiA  xo  ht  50w  siadia ;  and,  hence,  the  said 
ciffnauif^tfucf:  irouid  appear  to  be  equal  to  fifty  tmes  as  noch, 
ifi  ^-V/^iOO  i^Uuiia.  It  is  obeored,  however,  that  Eiatosthenes 
tuH^Us  titf:  cirauDiereDce  equal  to  dd2,000  siadia ;  and  hence  it 
in  |^'>t/a}>k;  that  tlie  firaction  above  mentioned  was  only  an  ap* 
fffixitusiiiim  Uj  the  value  of  the  tme  difference  of  latitude.  Now 
1^  l^;e  tliiiiks  it  not  likelv  that  Kiainrthenes  would  have  con- 
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UmU:ti  ljifuM;lf  with  the  rude  observalicm  of  a  well,  enUgfatened 
Ut  till;  Uiitr/tn,  for  SO  delicate  a  problem  as  that  of  the  latitude  of 
s  iAHt:iif  ttJMl  be  supiKises  ^  that  this  astronomer  emjdojed  the 
li^ii^tliM  of  thi;  iiieridioiial  shadows  of  the  gnomon  on  the  days  of 
iim  M;lstir«!N  b'/ih  at  8yene  and  Alexandria;  then,  if  the  angtes 
siil/K'iifli'd  by  tin;  ftharlows  were  measured  by  an  arc  graduated 

*  i^MMiAm  d«  Miiiido,  Lib.  T.  lect.  De  Teme  Magnitadliie. 
**  KipcMiUcMi  4tt  SjrtUme  du  Monde,  liv.  V. 
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in  uxths  of  ft  degree,  or  if  the  obsenalions  were  made  with  the 

solstitial  armitla,  which  was  so  divided,  it  is  probable  that  tlie 

difference  of  latitude  would,  from  the  observations,  be  fonnd 

eqnal  to  7"^  10'  which  is  equal  to  j„^,  of  the  circumference  for 

which   the   simple  fraction  -^  might   have   been  taken ;   but 

50.23x5000  gives  251,150,  and  Eratosthenes  may  have  taken 

252,000  stadia  for  the  sake  of  round  niunbers.     The  principle 

of  the  metliod  employed  by  Eratosthenes  to  ascertain  the  mag- 

'       nitude  of  the  earth  is  the  same  as  that  which  has  been  adopted 

in  modem  times ;  and  tlie  greater  acciiracy  of  our  restdts  is  due, 

I       chiefly,  to  the  improvements  which  Ijave   been   made  in  the 

I       constructian  of  the   instruments   used   in   linear  and   angular 

admeasurements. 

I  Subsequently  to  the  time  of  Eratosthenes,  Posidonius   at- 

I        tempted  the  same  problem,  and,  for  this  purpose,  he  observed  at 

Rhodes  the  star  Canopus  which,  in  that  latitude,  only  appears 

'        for  a  short  lime  just  in  the  horizon  towards  Uie  south,  while,  at 

Alexandria,  its  mericbonal  altitude  is  7°  30 ,  or  -j'a"  of ''""  right 

I        angles;  which,  therefore,  is  equal  to  the  difierence  between  the 

I         latitudes  of  the  two  places  ;  then  having  found,  probably  by  the 

time  spent  in  sailing  from  one  to  the  other,  the  arc  of  tlic  earth's 

'         BOifacc  between  them  to  be  equal  in  length  to  5000  stadia ;  and 

supposing  both  to  He  on  the  same  meridian,  he  concludes  tliat 

the  circumference  of  the  earth  is  48  x  5000,  or  240,000,  stadia ". 

Ptolemy,  by  similar  means,  makes  the  circnmference  equal  to 

190,000  stadia;  and  we  have  shewn  tliat  Aristotle  supposed  it 

to  be  400,000  stadia.     Tlie  differences  between  these  numbers 

are  too  groat  to  allow  ns  to  imagine  that  they  are  due  to  errors 

in  the  operations  and,  therefore,  it  is  evident  that  the  stadia  in 

,        which  the  measure  is  expressed  could  not  have  been  of  the  same 

kind;   indeed  it  is  well  known  that,  among  the  ancients,  the 

I        stadium  was  of  uncertain  length,  varying  at  different  times  and 

in  diffcnmt  places.     M.  Bailly ''  considers  the  round  numbers 

in  tlie  above  expressions  as  affording  a  proof  that  the  slatUa  were 

I        certain  arbitrary  portions  of  the  circumference  of  the  earth, 

I        assumed  for  the  sake  of  forming  a  standard  of  measure  whoee        ^| 

I         length  should  have  reference  to  tliat  of  on  invariable  object  in       ^M 

I  *  CleomcdM  de  Uundo,  Ub.  I.  '  Aitrou.  Hod.  Eclsirc.  lir.  III.  Met.  6.  ^H 
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nature  ;  and  Uie  opinion  is,  certainly,  not  destitute  of  probabili^l 
nor  is  tlie  practice  without  example  in  modem  times ;  for  it  itl 
remarkable  that,  soon  after  the  death  of  Bailly,  a  standard  of  that 
kind  was  adopted  in  France ;  the  metre,  or  unit  of  length,  having 
been  fixed  at  one  forty  milliontli  part  of  the  earth's  circumfer- 
ence, supposed  to  be  measured  in  the  direction  of  the  meridian. 

When  the  magnitude  of  the  earth  had  been  determined  it  must 
have  been  easy  to  obtain  an  approximate  knowledge  of  the  moon's 
distance  from  it:  for,  knowing  the  semidiameter  of  the  earth 
and  the  difference  of  latitude  of  two  places  on  or  near  tlie  same 
meridian,  as  Alexandria  and  Syeue,  or  Rhodes  and  Alexandria; 
by  appointing  persons  at  botli  places  to  take  simultaneously  the 
zcnitli  distance  of  the  moon  when  on  tlie  meridian,  there  will  be 
obtained  data  sufficient  to  determine  by  a  graphical  process, 
otherwise,  the  distance  required.  It  is  highly  probable  that 
clement  was,  in  or  about  tlic  time  of  Eratosthenes,  by  some 
means  ascertained ;  but  some  doubt  seems  to  have  existed 
its  real  value,  for  Plutarch"  obsen-es  that  those  who  assign 
least  value  to  tlie  distance  of  the  moon  from  the  earth  make 
equal  to  fifty -six  semidiameters  of  the  latter;  Ptolemy  shews' 
Hipparchus  made  the  distance  from  62  to  72^  semidiamel 
but,  in  his  own  comj^utalions,  he  supposes  it  equal  to  n: 
and  this  last  value  is  very  near  tlie  truth. 

Aiislarcbus  of  Samos,  Archimedes  of  Syracuse,  and  Ei 
tlienes  of  Alexandria  lived  at  or  about  the  same  time,  and,  w1 
the  last  was  employed  in  ascertaining  the  magnitude  of  thA, 
earth,  the  first  distinguished  himself  by  the  method  lie  proposed- 
for  determining  its  distance  from  the  sim.  In  his  yet  extant 
work  De  magniladinihas  et  dixlantiis  soIU  el  lun<e  Aristarchus 
shews  tliat  when  the  moon's  disc  is  dichotomised,  or  exactly 
half  enlightened,  two  lines  drawn,  one  from  tlie  moon  to 
eartli  and  Uie  other  from  the  moon  to  the  sun,  make  with 
other  a  right  angle ;  and  he  directs  that  tlie  angular  distance 
the  smi  from  the  moon  should  at  that  time  be  taken,  which 
possible  because  huUi  of  them  may  be  then  seen  at  once 
the  horizon ;  this  angle,  he  states,  will  be  equal  to  j-^  of  a 
angle ;  thai  is,  to  87  degrees ;  and,  by  a  graphical  coustruction 
■  De  Fmo.  "  Almagni,  Ub.  V.  cap.  U. 
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of  the  problem,  he  from  thence  determines  that  the  distance  of 
the  sun  from  the  earth  is  about  nineteen  times  as  great  as  that 
of  the  moon  from  the  earth.  The  idea  of  Aristarchus  in  un- 
doubtedly just  and  does  great  honour  to  his  sagacity,  but  two 
great  diflictUties  must  have  presented  themselves  in  reducing  it  ■ 
to  practice,  of  which  one  is  the  uncertainty  of  the  exact  time 
when  the  moon  is  dichotomised  and  tlie  other,  the  measurement 
of  the  angular  distance  by  such  instruments  as  were  then  in  use ; 
for  we,  now,  know  that  it  is  less  than  a  right  angle  by  about 
8  or  9  minutes  of  a  degree,  only,  whereas  Aristarchus  supposed 
it  to  he  less,  by  3  degrees ;  and  consequently  the  distance  of 
tlie  sun  irom  the  earth  is  above  twenty  times  as  great  as  it  is 
made  to  be  in  the  above  determination.  Succeeding  philoso- 
phers, by  employing  the  same  method  and  more  perfect  instru- 
ments, obtained  results  much  nearer  the  truth  and,  according  to 
Pliny,  the  distajices  of  tlie  moon  and  sim  from  the  eartli  v 
found  by  Posidonius  to  be,  respectively,  two  million  statlia  and 
five  hundred  million  stadia ;  but  these  values,  which  do  not  diiTer 
considerably  from  those  assigned  by  modem  astronomers,  could 
only  have  been  brought  out  by  some  fortunate  chance  arising 
from  a  compensation  of  errors.  It  was  not  till  after  the  middle 
of  the  last  ccnttuy  that  the  distance  of  the  sun  from  tlie  earth 
was  ascertained  with  any  thing  like  precision  and,  in  tlie  accom- 
])bsbmcnt  of  this  end,  means  were  employed  o{  which  tho 
ancients  could  have  had  no  idea. 

Some  confusion  prevails  in  the  accounts  we  have  of  the  value 
assigned  by  Aristarchus  to  the  visible  magnitude  of  the  moon. 
In  the  work  above  quoted  he  states,  probably  from  the  observed 
duration  of  central  eclipses  of  that  luminary,  that  the  semi- 
diameter  of  the  earth's  shadow  in  the  region  of  the  moon  or,  as 
he  calls  it,  the  circle  separating  llie  light  from  the  shadow,  is 
equal  to  the  diameter  of  the  moon;  again,  in  one  place  he 
makes  the  latter  equal  to  -j-g^  of  the  circumference  of  a  circle, 
or  two  degrees,  and  in  another,  the  seinidiamclijrs  of  iJie  sun  and 
moon  together  are  made  equal  to  the  same  quantity ;  it  is  pro- 
bable, however,  that  neither  of  these  is  what  is  meant,  but  that 
he  supposed  the  diameter  of  tlie  earth's  shadow  to  be  two  de- 
grees, which  yet  is  erroneous,  for  wc  find  it  equal  to  about  82 
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niinutefi.  Archimedes  infomis  us,  in  bia  Arenariu*,  that 
Aristarchus  maile  ihc  visible  diameter  of  the  sun  equal  to  tyb  of 
the  zodiac,  or  to  half  a  degree,  which  is  very  near  the  truth, 
and  it  must  have  been  evident  that  the  viMble  diameter  of  the 
moon  is  about  the  same  as  that  of  the  sun ;  nevertheless  he 
considers  the  linear  diameter  of  the  former  to  be  between  -i 
■^  of  her  distance  from  the  earth,  wliich  supposes  her  angi 
diameter  to  be  between  2°  30  and  3°  50' :  it  must,  therefore,  ti 
admitted  that  great  errors  have  found  their  way  into  tlie  text  of 
this  ancient  author ;  but,  whatever  may  lie  the  values  which 
ArisUrchus  had  found  for  the  visible  magnitudes  of  the  sun  and 
moon,  he  expressly  asserts  ttieir  equality  and,  from  ihencty^H 
justly  concludes  that  their  hiicar  ihamt^ters  will  be  directly  pM-'^l 
portional  to  their  distances  from  the  earth ;  therefore,  agre«ablj 
to  his  previous  determination  of  those  distances,  it  will  foUow 
that  he  suppoiied  the  sun  to  be  nineteen  times  as  great,  in 
diameter,  as  the  moon.  Aristarchus  appears,  moreover,  to  have 
had  a  correct  notion  of  the  vast  extent  of  the  universe ;  for,  iks 
is  stated  in  the  Areaariui,  he  obsenes  that  the  moveinont  of  the 
eartli  does  not  much  aSect  tlie  apparent  places  of  the  stars,  and 
concludes  from  thence  that  these  arc  incomparably  more  remote, 
than  the  sun,  from  the  earth.  Such  are  the  dotemiinatioiis  of 
tJiis  philosopher ;  the  first,  probably,  tliat  were  made  conceniing 
the  magnitudes  and  distances  of  the  celestial  bodies ;  and,  from 
the  processes  employed,  we  may  perceive  not  only  that  I 
direct  observations  of  angular  extent  were  very  incorrcMrt  1 
that  there  existed  nu  method,  or  such  only  as  was  very  i 
perfect,  of  apjtlyiug  a  numeral  colctdus  in  the  solutioa  < 
propositions  concerning  plane  triangles. 

Archimedes  infomis  us  Uiat  Aristarchus  had  composed  a  worii 
in  which  he  asserted  the  aimual  revolution  of  the  earlJi  aboul 
the  Sim ;  and,  from  a  passage  in  Plutarch,  the  some  philosopher 
appears  to  have  been  aware  of  iJie  fact  that  the  revolution  of  (Iw 
earth  about  an  axis  oblique  to  the  horizon  was  the  cause  of  i 
variable  lengtlis  of  our  days  and  nights.     Phitarch,  also,  i 
that  CleontJms  of  Samos  hotl  endeavoured  to  explain  the  ] 
nomena  of  the  universe  by  Huppusiiig  the  heavens  immovei 
and  the  earth  to  revolve  both  in  the  ecliptic  and  on  its  vus. 


trom 
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is  remarkable,  however,  that  Plutarch  miOicii  Arislarchua  say, 
the  Greeks  ought  to  have  proseoitcd  Cleaiilhus  for  impiety  in 
displacing  the  temple  ol'  Vesta  by  giving  motion  to  the  earth ; 
yet,  according  to  Archimedes,  Aristarchus  held  ihe  same  doc- 
trine: it  is,  therefore,  probable  that  eitlier  Plutarch  or  Ar- 
chimedes has  mistaken  one  of  these  persons  for  the  other,  but  the 
Ctrcumstancee  iheyrelate  may  serve  to  shewthat  the  opinion  of  the 
mobility  of  the  earlli  had  gained  some  ground  among  the  learned 
in  their  times.  Tlie  former  adds  that  it  had  been  demonstrated 
by  a  philosopher  named  Seleueus ;  but  the  demonstration, 
whatever  it  may  have  been,  is  now  lost,  Censorinus '  ascribes 
to  Aristarcbus  the  invention  of  a  cycle  or,  as  it  is  called,  a  groat 
year,  consisting  of  2484  common  years ;  and  Bailly ''  endeavours 
to  shew  that  this  is  a  period  in  which  two  successive  conjunc- 
tions of  the  sun  iind  moon  with  a  fixed  star  would  appear  to 
take  place  according  to  the  values  assigned,  by  the  Chaldeans, 
to  the  revolutions  of  those  celestial  botUes,  from  which  he  would 
draw  an  additional  argument  in  favour  of  his  o{)inion  of  the 
antiquity  of  the  Chaldean  obsen'alions ;  but,  as  we  know  nothing 
of  those  values,  and  as  Censorinus  states  that  Aratus  supposed 
the  same  cycle  to  consist  of  5552  years,  aud  Herodotus,  of 
10,800  years,  it  must  be  evident  that  his  hj-pothesis  concerning 
the  cycle  of  Aristarchus  rests  on  no  satisfactory  foundation. 

Archimedes  is  said  to  have  been  bom  in  the  year  287  Before 
Christ  and,  like  almost  every  other  Greek  who  devoted  himself 
to  philosophical  pursuits,  to  have  completed  his  course  of 
education  in  Kgjpt-  Besides  his  investigations  and  discoveries 
in  pure  geometry  and  mechanics  he  appears  to  have  paid  con- 
siderable attention  to  astronomy;  having,  as  Ptolemy  informs 
us,  employed  himself  in  determining  tlie  length  of  the  year  by 
reducing  and  comparing  such  observations  of  tlie  solstices  as 
bad  been  made  previously  to  his  own  time.  He  is  also  said,  by 
the  poet  Claudian,  to  have  invented  machinery  for  representing 
the  motions  of  the  sun,  moon,  aud  stars;  but  we  have  had 
occasion  to  notice,  in  the  dialogue  Timicus,  what  appears  to 
have  been  an  allusion  to  planetary  machines ;  it  is  probable, 
.  therefore,  that  the  Syracusan  philosopher,  in  this  respect,  only 
*  De  Die  Natall,  Lib.  L  cap.  IS.  ■■  Ailnin.  Mod.  Tom.  I. 
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improved  on  the  inventions  of  men  who  lived  in  more  ancient  times : 
yet  the  fame  he  acquired  by  this  piece  of  mechanism  must  have 
been  considerable ;  for  Cicero,  censuring  those  who  ascribe  the 
formation  of  the  universe  to  chance  or  necessity,  observes ;  ^  ei 
Archimedem  arbitrantur  plus  valuisse  in  imitandis  splu^rm 
conversionibuSy  quam  naturam  in  effunendis,  pr^Bsertim  cum 
mtillis  partibus  sint  ilia  perfectay  quam  fuec  nmulata,  so- 
lertius,^''  ^*  In  the  preceding  chapter  he  alludes  to  the  construc- 
tion of  a  planetary  machine  by  Posidonius;  and,  arguing  in 
favour  of  the  opinion  that  the  universe  is  the  work  of  Divine 
Intelligence,  he  says  ''  Quod  si  in  Scythiamy  aut  in  Britanniamj 
sph<era7n  aliquis  tulerit  hanCy  quam  nuper  familiaris  nosier 
efficit  PosidoniuSy  cujus  singula  conversiones  idem  efficiunt  in 
sole,  et  in  lutuiy  et  in  quinque  sfellis  errantibusy  quod  efficitur 
in  ccelo  singulis  diebus  et  noctibus:  quis  in  ilia  barbarie 
dubitety  quin  ea  sphtera  sit  perfecta  rationef^  From  these 
circumstances,  and  from  the  frequent  allusions,  in  the  writings 
of  the  ancients,  to  the  spheres  of  Atlas,  Anaximander,  Endoxns 
and  others,  we  can  hardly  doubt  tliat  such  machines  were  fre- 
quently made;  and  it  is  probable  that  every  philosopher  of 
reputation  found  it  necessary  to  have  them  for  public  exhibition 
or,  at  least,  for  the  purpose  of  aiding  the  instructions  he  de- 
livered to  his  disciples. 

The  Arenarius  mentioned  above  is  a  curious  work,  addressed 
by  Archimedes  to  Gelo,  the  son  of  King  Hiero,  in  which  he 
attempts  to  prove  that  it  is  not  impossible  to  find  numbers 
capable  of  expressing  how  many  grains  of  sand  would  be 
required  to  fill  a  space  equal,  in  extent,  to  the  universe,  or  to 
the  sphere  of  the  fixed  stars ;  a  remarkable  instance  of  learned 
trifling,  and  only  interesting  to  us  as  it  gives  some  insight  into 
the  state  of  astronomy  at  that  time.  In  the  course  of  his  in* 
quir}'  he  observes  that  Aristarchus  considered  the  magnitude  of 
the  sphere  of  the  fixed  stars  to  be  so  great  that  the  circle 
described  l)y  the  earth,  meaning,  perhaps,  a  sphere  equal  id 
diameter  to  the  eartli's  orbit,  is  to  that  sphere  in  the  proportion 
that  the  centre  of  a  sphere  bears  to  its  surface ;  or,  as  Archimedes 
interprets  the  passage,  as  the  magnitude  of  the  earth  is  to  a 

*  I>0  Naturm  Deorum,  Lib.  IL  cap.  35. 
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Sphere  whose  diameter  is  equal  to  tliat  of  the  orbit  of  the  earth 
or  Biin.  Possibly,  however,  Arislarchus  meant  to  shew  thai  the 
sphere  of  the  fixed  stars  was  of  indefirfle  magnitude ;  but,  by 
this  inlerprctatioD,  Archimedes  maJies  it  fiuite  aiid.  from  thence, 
conciudes  tliat  the  particles  of  sand  which  would  fill  it  are  ca- 
pable of  numerical  expression. 

In  onler  to  find  tlie  spherical  capacity  of  the  sun's  orbit,  Ar- 
chimedes supposes  the  measure  uf-its  circumference  to  be 
between  six  hunched  and' eight  hundred  times  the  diameter  of 
the  sun ;  he,  also,  asstunes  the  diameter  of  tlie  sun  to  l>e  tliirty 
times  as  great  as  that  of  the  earth  ;  and  this  being  known  from 
the  measurement  of  Eratosthenes,  he  has  data  sufficient  for  de- 
lermining  that  capacity.  We  know  not  in  what  manner  he 
fomid  tlie  ratio  of  tlie  linear  diameters  of  the  earth  and  sun, 
but  the  means  he  employed  to  measure  the  an^dar  diameter  of 
the  latter  dcsenc  to  be  mentioned.  He  placed  his  eye  at  one 
extremity  of  a  long  alidade,  or  ruler,  which  he  directed  to  the 
sun  at  the  lime  of  his  rising  or  setting,  when  the  light  could  be  sup- 
ported without  inconvenience,  and  moved  upon  Uie  ruler,  between 
the  eye  and  the  sun,  a  small  cylinder  standing  on  its  base,  tdl  it  just 
covered  the  solar  disc ;  then  diawing  tangents  to  tlie  opposite  sides 
of  the  cylinder  Irom  the  place  of  the  eye,  the  angle  contained  be- 
tween these  tangents  gave  the  rerjutred  diameter:  he  measured  the 
circular  arc  subtending  this  angle,  probably  by  means  of  its  chord, 
on  the  circumference  of  a  circle  having  an  equal  radius,  and  found 
it  to  be  between  ^s*  ^^^  lio  "f  a  quadrant ;  tliat  is,  between  32' 
56"  and  27  ;  the  mean  of  which  is  29'  58 ' ;  a  quantity  rather  too 
small  since  we  know  that  the  mean  angular  diameter  is  equal  to 
about  tliirty-two  minutes;  but  it  is  impossible  that  such  a 
method  should  afford  a  nearer  ajjproaeh  to  the  truth.  The  most 
remarkable  circumstance  in  this  account  is,  that  the  angle  at  the 
eye  should,  by  so  great  a  mathematician,  have  been  determined 
by  a  mechanical  process  instead  of  a  trigonometrical  operation, 
which  would  have  been  much  more  accurate ;  and  it  affords 
another  proof  that  the  numerical  solutions  of  plane  triangles  had 
not  then  been  discovered. 

We  find  soon  after  this  time  that  tlic  parallaxes  of  the  moon 
and  sun  entered  into  astronomical  investigations  as  quantities 
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approximatively  known ;  and,  since  we  have  no  account  of  the 
steps  rfirst  taken  in  the  research  of  these  elements,  it  will  be 
proper  to  shew  how  from  the  data  then  possessed  they  might 
have  been  discovered.  It  most  be  observed,  however,  that  the 
value  obtained  in  the  manner  we  purpose  to  describe  would, 
from  the  inaccuracy  of  the  data,  necessarily  differ  widely  from 
the  truth ;  and  those  employed  by  Hipparchus  and  Ptolemy,  in 
fact,  did  so  differ ;  yet  they  were  not  without  their  use,  and,  in 
proportion  as  the  instruments  of  observation  were  improved,  the 
parallaxes,  at  least  that  of  the  moon,  by  whatever  means  de- 
tcnuincd,  gradually  became  more  correct. 

Let  sv  [Plate  I.  fig.  3]  be  an  indefinite  line  joining  the 
centres  of  the  sun,  earth  and  moon  when  in  conjunction,  or  at 
the  time  of  a  central  eclipse  of  the  sun  or  moon ;  assume  e  m  or 
E  m'  of  any  length  at  pleasure  to  represent  the  distance  of  the 
moon  M  or  m'  from  the  earth  e  ;  and,  since  Aiistarchus  found 
the  distance  of  the  sun  from  the  earth  to  be  nineteen  times  the 
distance  of  the  moon  from  thence,  we  may  make  £  s  equal  to 
nineteen  times  e  m  ;  then  s  may  represent  the  centre  of  the  sim: 
now,  because  tlie  visible  magnitudes  of  the  sun  and  moon  were 
KU])])()so(l,  by  Archimedes,  to  be  equal,  each,  to  about  thirty 
minutes,  by  drawing  Ea,  Eb  to  make  an  angle  of  15'  on  each 
side  of  K  s,  we  shall  have  ab  for  the  linear  diameter  of  the  sun, 
and  c  d  for  that  of  the  moon :  again,  in  central  lunar  eclipses, 
the  semi-diameter  of  the  earth's  shadow  in  the  region  of  the 
moon  was  found  by  Aristarchus  to  be  equal  to  the  diameter  of 
the  moon ;  therefore,  if  we  make  M'  f  and  m'  g  respectively  equal 
to  c  d,  the  lines  a  f,  I)  g  will  determine  the  cone  of  shadow  cast 
by  the  eartli ;  consequently  h  k  is  known,  and  the  angle  at  v. 
Lastly,  by  drawing  M'k  and  sk,  the  angles  EM'k  and  Esk, 
which  are,  respectively,  the  parallaxes  of  the  moon  and  sun,  are 
found.  All  the  linear  dimensions  here  supposed  to  be  computed 
will  bo  ex])ressed  in  terms  of  E  M,  but  tlie  diameter  h  k  of  the 
earth  being  supposed  to  be  kno>^'n,  it  is  evident  that,  by  propor- 
tion, the  values  of  those  dimensions  may  be  found  in  stadia  or 
any  otlier  measiu^s  of  length. 

We  have  no  account,  in  any  writings  which  have  been  trans- 
mitted to  us  by  the  ancients,  of  the  observations  made  before  the 
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time  of  Hipparchns  on  the  movements  of  the  planets ;  and  it  is 
probable  enough  that  such  observations,  from  which  the  most 
useful  information  concerning  the  system  of  the  universe  might 
have  been  drawn,  were  too  much  neglected  by  the  Greeks,  who 
seem  to  have  had  but  little  taste  for  the  method  of  philosophising 
by  inleiTogatiiig  nature:  but  that  the  situations  and  movements 
of  the  planets  had  been  in  some  measure  attended  to,  perhaps  as 
early  as  the  time  of  Eudoxus,  may  be  concluded  from  the  hint 
given  in  tlie  Timteus  about  the  complexity  of  the  theories  of 
Mars,  .Jupiter  and  Saturn ;  and  that  many  particulars  relating  to 
the  planetary  orbits  had  been  then,  or  soon  afterwards,  dis- 
covered by  observation  may  be  conceived  from  the  circiunstancc 
that  the  hypotheses  proposed  by  Apollonius  of  Perga  are 
founded  upon  data  which  must  have  been  previously  obtained 
in  that  manner. 

This  philosopher  is  supposed  to  have  hved  about  242  years 
before  Christ,  and  Ptolemy  relates  of  liim  that,  pursuing  the 
ideas  of  Plato  concerning  the  supposed  perfection  of  circidar 
and  uniform  motions  and,  wishing  to  reconcile  with  these  ideas 
the  apparent  irregularities  observed  in  the  movements  of  the 
planets,  he  invented  two  different  systems,  in  one  of  which  the 
planets  were  supposed  to  revolve  on  the  circumferences  of  circles 
whose  centres  do  not  coincide  witit  that  of  the  earth ;  and  in  the 
other,  denominated  the  system  of  epicycles,  each  planet  was 
supposed  to  move  on  the  circumference  of  one  circle  while  the 
centre  of  this  circle  is  carried  round  the  circumference  of  another 
which  is  concentric  with  t}ie  earth ;  the  latter  being  supposed 
stalionaiy  in  the  centre  of  the  universe.  The  invention  of  these 
systems  constitutes  the  first  deviation  from  the  principles  which 
were,  among  the  ancients,  considered  as  fundamental  laws  of 
nature :  liithcrto  all  the  circles  or  spheres  employed  to  produce 
the  phenomena  of  planetary  motion  were  homocentric;  now  we 
find  this  hy])Uthesis  abandoned,  but  how  many  ages  were  yet 
to  elapse  before  the  prtjudice  in  favour  of  circular  and  uniform 
motions  could  be  vanquished  P  Apollonius  and  his  disciples 
still  tenaciously  adhered  to  these  ancient  opinions  and,  rather 
than  quit  them,  suffered  themselves  to  be  involved  in  an  in- 
liicat«    coubiuatiou    of    movements   which    very   imperfectly 
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represented  the  observed  phenomena,  while  the  simpler  and  more 
correct  hypothesis  lay  almost  within  their  view.  It  is  micertain 
whether,  originally,  the  epicycles  and  their  deferents,  or  the 
circles  on  whose  circumferences  they  were  supposed  to  move, 
were  considered  as  objects  of  the  imagination,  or  as  existing  in 
material  spheres ;  the  language  of  the  ancients  seems  to  fiiToor 
the  last  opinion,  but  it  is  not  likely  to  hare  ever  been  seriously 
entertained  by  their  men  of  learning.  The  formation  and  de- 
velopment of  the  systems  of  ApoUonius  must  have  required  a 
knowledge  of  the  times  when  the  planets  were  in  their  apsides, 
and  of  the  situations  of  those  points  in  the  heavens ;  the  times 
when  the  planets  were  stationary,  and  the  extents  of  the  arcs 
both  of  the  direct  and  retrograde  movements :  these  most  have 
been  obtained  from  observation  in  order  to  compute  the  radius 
of  the  eccentric  orbit  and  the  position  of  its  centre,  or  the  pro- 
portion between  the  radii  of  the  homocentric  circle  and  the 
epicycle ;  and  it  is  impossible  to  doubt  that  the  deductions  of 
theory  were  compared  with  the  phenomena  actually  observed 
in  order  to  satisfy  the  mind  concerning  the  justness  of  the 
systems ;  it  must,  therefore,  be  admitted  that  such  observations 
as  are  here  supposed  must  have  been  made  in,  and  before  the 
time  of  ApoUonius. 

To  explain,  from  the  account  given  by  Ptolemy*,  the  ob- 
served inequalities  and  the  changes  in  direction  of  the  move- 
ments of  the  planets,  according  to  the  hjrpothesis  of  a  simply 
eccentric  orbit ;  let  E  (Plate  I.  fig.  2)  be  the  earth  or  centre  of 
tlio  universe,  a  B  p  d  the  circular  orbit  of  a  planet,  and  c  its 
centre ;  draw  the  line  a  p  through  c  and  E,  then  £  c  wiU  be  the 
eccentricity  of  the  orbit,  a  and  p  the  points  of  apogeum  and 
perigeum  respectively.  Now  the  planet  and  the  circumference 
of  the  eccentric  orbit  are  supposed  to  have  uniform  and  in- 
dependent movements  in  contrary  directions  about  E  and  c 
respectively ;  the  former  from  a  towards  b,  which  is  direct,  or 
according  to  the  order  of  the  zodiacal  signs,  and  the  latter,  from 
A  towards  b'  or  in  retrograde  order ;  it  is  therefore  evident  that 
when  the  two  movements  are  equal,  as  seen  from  E,  the  planet 
will  appear  stationary,  and  when  the  apparent  velocity  of  the 
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eccentric  is  less  or  greater  than  tltat  of  tLe  planet,  the  movement 
of  the  latter  will  appear  direct  or  retrograde  respectively.  Now, 
to  fiud  the  eccentricity  oi'  the  orbit ;  let  u  and  tf  be  the  points 
in  whicli  the  planet  apjicars  stationary ;  imagine  also  the  lines 
li  E  n  and  b'  k  n'  to  be  drawn  and  lot  fall  c  f,  c  f  perpendicularly 
upon  thein ;  then  if  f  d'  be  multiplied  by  v,  the  angular  velocity 
of  a  point  in  the  eccentric  about  c,  which  may  be  considered  as 
the  velocity  about  p ;  the  product  will  express  the  linear  space 
imagined  to  be  described  by  a',  in  a  veiy  short  time,  perpen- 
dicularly to  F  1)':  again,  if  E  o'  be  midlipliod  by  v,  the  angular 
velocity  of  the  planet  at  n',  about  e  ;  the  ]>roduct  will  also 
express  the  linear  space  described  by  the  planet  in  a  very  short 
and  equal  time,  perpend icuhirly  to  P  d'  :  but  these  spaces  are 
described  in  opposite  directions  by  Ii_v|)othe8is ;  and,  when  the 
planet  is  stationary,  tliey  are  equal  to  one  another,  or  F  o'.v  — 
B  D.  V ;  it  will,  therefore  follow  that,  at  the  point  d',  the  lines 
F  d'  and  E  d'  are  to  one  another  aR  the  velocity  of  tiro  planet  in 
the  eccentric  is  to  the  velocity  of  the  eccentric ;  it  is  idso  evident 
that  the  movement  of  tlie  planet  will  appear  to  be  retrograde 
while  it  is  describing  the  arc  D  d',  and  direct  in  every  other  pail 
of  the  orbit;  and  that,  at  r,  the  retrognide  velocity  is  tlie  greatest 
while  the  direct  velocity  is  tlie  greatest  at  A.  The  velocities  of 
the  planet  and  of  the  eccentric  being  assumed,  we  have  the 
ratio  of  f  d'  to  E  d'  ;  consequently  tliat  of  F  d'  to  E  v;  and  sup- 
posing F  D  to  l>e  equal  to  c  \,  the  radius  of  the  eccentric,  the 
value  of  E  F  will  be  known  in  terms  of  c  A ;  therefore,  if  the  two 
places  of  Uie  planet  in  the  heavens  be  observed,  when  it  appears 
stationary,  the  arc  d  d  between  tliem  will  be  known,  and  con- 
sequently its  half,  which,  from  the  construction  of  the  figure,  is 
evidently  equal  to  the  angle  D  E  f  ot  c  h  f  :  tlien  in  the  right 
angled  triangle  c  E  F,  there  will  be  data  siUficient  to  find  the 
eccentricity  c  e.  Conversely,  if  Oils  were  known  by  other 
means,  it  is  evident  that  the  ratio  between  Ute  relocitici  of  the 
planet  and  eccentric  might  be  found. 

This  theory  of  a  simple  eccentric  orbit  does  not  appear  to 
have  been  long  in  use ;  for,  except  a  short  notice  of  it  which  is 
found  in  tbe  works  of  Hipparchus,  no  circumstances  connected 
with  it  have  been  prescn-ed :   the  theory  of  epicycles,  which 
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iiom  a  passage  in  PkaUj^^nwoADe  Repmbliem  (wheie  aieiitioD  is 
made  of  small  circles  a{^ilied  to  other  orcles)  is  sopposed  by 
Theon  to  have  been  6nt  imagined  by  thai  pinlosoplier,  has,  on 
the  contrary,  been  consideraUy  derdoped,  because  it  could  be 
more  easily  modified  to  soil  the  Tariations  at  subsequent  times 
discovered,  in  the  movements  of  the  planets.  In  fact,  while  a 
simple  inequality  of  motion  was  observed,  either  of  the  hypo- 
theses might  be  indifferently  employed  to  represent  it,  as  is  ob- 
served by  Ptolemy,  who  demonstrates*  that  the  apparent  move- 
ments will  be  the  same,  in  both  systons,  if  the  radius  of  the 
epicycle,  in  the  one,  be  made  equal  to  the  eccentricity  in  the 
other ;  but  he  adds  that,  when  a  planet  has  two  different  in- 
equalities, both  hypotheses  must  be  combined  in  order  to  explain 
Uietn  ;  and  this  combination  enters  into  his  own  system. 

'Jo  exhibit  an  outline  of  the  theory  of  epicycles,  let  E  (Plate 
I.  iig.  5.)  be  the  earth,  or  centre  of  the  homocentric  deferent 
circle  x  c  y,  and  c  the  centre  of  the  epicycle  a  b  d  ;  also,  let  it 
bo  HU])])08ed  that  the  movement  of  the  planet  on  the  epicycle 
is  retrograde ;  that  is,  according  to  the  order  of  the  letters  ab'd', 
and  that  the  centre  of  the  epicycle  moves  in  direct  order,  or 
from  c  towards  x ;  then,  the  velocity  of  the  planet  in  the  epi- 
cyc!lu  being  less  than  that  of  epicycle  itself,  about  s,  its  motion 
will  be  slowest  at  A,  or  in  apogeOy  and  swiftest  at  p,  or  in perigeOj 
bill,  lis  wvw  from  tlio  earth,  the  motion,  like  that  of  the  moon, 
will  be  iilwayH  direct.  Again,  if  the  planet  move  on  its  epicycle 
ill  direct  order,  or  from  a  to  B,  and  the  radii  of  the  epicycle 
mid  tlio  different  bo  8U])posed  to  be  such  that  the  ratio  of  c  p  to 
ic  1*  iH  gn^uter  than  the  ratio  of  the  velocity  of  the  epicycle  to  that 
of  tilt*  |iliiiiot  ill  Uio  e])icycle;  then,  as  Apollonius  shews^,  two 
liiitu  II  K,  ii'K  may  bo  so  drawn  that  if  the  perpendiculars  c  q, 
ti  g'  lir  ha  fidl  on  tliem  from  c,  the  segments  q  d  and  de,  q'd' 
and  it'i*:  iiiny  In*  to  each  oilier  respectively  in  the  same  propor- 
tion llial  lli(*  two  velocities  above  mentioned  bear  to  each  other: 
antl  it  will  hti  found  that,  in  the  points  d  and  d',  the  planet 
wtiiihl  appc'ar  slationary  when  seen  from  the  earth;  for  the 
angular  velocity  of  the  planet  about  c  being  multiplied  by  q  n 
will  exproMs  tlie  linear  space  which  the  planet  would  describe,  in 
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a  small  portion  of  time,  perpeR<licu)arIy  to  g  D  or  g  B,  and  the 
angular  velocity,  about  e,  of  llie  centre  of  the  epicycle,  or  of 
any  point  d  in  that  circle,  being  multiplied  by  e  d,  will  give 
the  linear  space  wliich  d  would  describe  in  au  equal  portion  of 
time,  alao  perpendicularly  to  g  e  ;  and  these  movements  being 
equal  and  in  contrary  directions  when  the  planet  is  stationary, 
it  follows  that  the  above  pro])ortion  holds  good  when  the  planet 
is  in  n  and,  for  t)ie  same  reason,  also  wben  in  n' :  and,  because 
we  have  supposed  the  velocity  of  the  planet  to  be  less  than  that 
of  the  epicycle,  its  movement  will  appear  retrograde  between  D 
and  !>',  and  direct  in  every  other  part  of  tlie  circumference  of 
the  epicycle.  In  the  hypothesis  just  described  it  is  evident  that 
the  true  and  apparent  places  of  the  revolving  body  will  coin- 
cide when  the  latter  is  in  the  two  points  A  and  p  of  its  epicycle, 
which  are  in  a  line  joining  the  centres  of  the  epicycle  and  ho- 
mocentric ;  and  that  when  the  planet  is  at  n  and  ii',  where  lines 
drawn  from  the  earth,  at  e,  are  tangents  to  the  epicycle,  its  ap- 
parent velocity  is  equal  to  its  mean  velocity,  since  it  seems  then 
to  move  only  with  the  velocity  of  c,  the  centre  of  the  epicycle. 

In  developing  the  system  of  epicycles,  it  appearft  that,  for 
the  inferior  planets,  Apolloniua  supposed  the  centre  of  the  epi- 
cycle to  coincide  always  with  the  mean  place  of  the  sun ;  con- 
sequently, that  the  time  of  a  revolution  of  this  centre  about  tlio 
earth  was  equal  to  the  length  of  the  solar  year ;  also,  that  the 
]ieriod  of  a  revolution  of  Uie  planet  in  its  epicycle  or,  as  it  was 
then  called,  an  anomalistic  revolution  of  the  planet,  was  equal  to 
the  interval  between  two  inferior,  or  two  superior  conjunctions 
with  the  sun,  and  the  situation  of  the  line  of  the  apsides,  or  line  of 
inferior  and  superior  conjunction,  for  the  uiferior  planets,  was  sup- 
posed to  pass  through  the  eartli  and  tlie  mean  place  of  the  sun  at 
the  middle  of  the  interval  of  time  between  two  equal  elongations 
of  the  planet  eastward  and  westward  from  that  luminary.  It  is 
probable  that,  at  lirst,  tlie  situation  of  this  line  was  determined  by 
the  true  place  of  the  sun  but  the  results  of  calculation  being,  on 
tliis  hypothesis,  found  to  disagree  with  the  observed  phenomena 
the  otlier  hypothesis  may  have  been,  subsequently,  ado])ted  in 
order  to  produce  a  nearer  approach  to  conformity  between  the 
theory  and  the  observatiou&.     With  respect  to  the   superior 
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planetSy  the  centre  of  the  epicycle  of  each  was  made  to  move  on 
the  circumference  of  the  deferent  with  the  mean  geocentric  ve- 
locity of  the  planet,  and  the  velocity  of  the  latter  on  its  epicycle 
was  supposed  to  be  equal  to  the  difference  between  the  mean 
motion  of  the  planet  and  that  of  the  sun.  It  does  not  appear 
that  Apollonius  conceived  the  existence  of  more  than  one  epicycle 
for  each  planet ;  and  it  is  probable  that  the  compound  epicycles 
were  introduced  to  explain  the  additional  variations  discovered 
in  the  movements  of  the  planets  subsequently  to  the  time  of  the 
astronomer  of  Perga.  It  is,  also,  uncertain  whether  the  pro- 
portions between  the  radii  of  the  epicycles  and  the  deferents, 
for  all  the  planets,  were  investigated  by  ApoUonius,  though  this 
is  extremely  probable ;  but  these,  and  several  other  elements 
which,  according  to  the  system  in  question,  enter  into  the  con- 
stitution of  the  orbits,  were  detennined  by  Hipparchus  and, 
with  his  own  subsequent  investigations,  are  consigned  in  the 
writings  of  Ptolemy. 
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TnE    DISCOVERIES  OF    IIIPr&RCIIL'B. 


TrigonaiDMry  introdutwd  hy  Hiiipardius.— His  raulogiie  of  Ksra. — Kis  iii- 
■trumenu  and  manner  of  obtervinK.— The  dincorer)'  of  the  preceMion  uf 
tbe  *Mra  in  longitude. — Aluiner  of  regulating  the  length  of  the  day. — The 
length  of  tlie  year  found  by  obwrvationa — Correcdan  of  the  calendar  pro- 
posed by  Hippvchui.—  InveitigBtioB  of  the  aalBT  orbit.— Lunar periodade. 
temiined  by  nipparchui.— Aixclcration  of  the  moon'i  mean  motion.— Tha 
nature  of  the  lunar  orbit.— Daw  for  llie  elements  of  the  orbit  obtained  from 
andent  eclipse*.  — In veatipiion  of  the  lunar  orbit  on  the  hypoiiieiis  of  an 
epiryde. — Slanner  of  finding  tlie  moon'i  angular  diameter.— The  parnllaxn 
of  the  sun  and  moon. — Nature  of  the  planetary  iirbiu. —  Inveitigatioii  of  (he 
periodii'sl  limea  and  movements  of  the  plnneta. — Enumeration  of  the  works 
of  Hipparchui. 

By  the  writings  of  Hipparchus  the  science  of  Astronomy  was 
destined  to  receive  so  many  valuable  improvements  that  it  may 
be  almost  said  to  have  taken,  from  them,  a  new  form.  Before 
the  time  of  this  philosopher  it  consisted  of  a  few  general  theorems 
of  httle  value,  because  there  were  wanting  the  means  of  obtain- 
ing, by  a  numeral  calculus,  the  measures  of  the  times  and  spaces 
which  are  the  subjects  of  investigation ;  and  to  him  wo  are  in- 
debted, very  probably,  for  the  invention  and,  certainly,  for  tho 
first  apphcation  of  trigonometry  in  these  researches,  by  which 
the  facihty  of  fixing  with  precision  the  places  of  tlie  celestial 
bodies  and  of  exhibiting  the  variations  of  their  movements  was, 
in  an  important  degree,  augmented. 

Hipparchus  firKt  distingnislicd  himself  by  the  commentary  on 
the  poem  of  Aratns  before  mentioned,  and  in  tliis  is  contained 
the  earliest  hint  we  meet  with  concerning  the  employment  of 
geometry  in  questions  relating  to  practical  astronomy  ;  the  in- 
stance occurs  in  a  problem  which  is  of  considerable  intricacy, 
and  which  must  have  been  of  essential  utility  in  the  ancient  sci- 
ence. He  supposes  a  certain  star  to  be  situated  in  the  horizon, 
its  right  ascension  and  declination  and,  also,  the  latitude  of  the 
place  of  observation,  to  be  known ;  he  then  gives,  as  the  results 
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of  calculation,  the  diurnal  arc  described  by  the  star,  the  longi- 
tude, right  ascension  and  declination  of  the  point  of  the  ecliptic 
which  is  in  the  horizon  with  the  star ;  the  right  ascension  of  the 
midheaven  and  the  culminating  point  of  the  ecliptic  at  the  time 
when  the  said  star  is  in  the  horizon.  Now  these  elements  might 
have  been  detenkiined  by  inspecting  a  common  artificial  globe; 
by  geometrically  constructing  the  circles  of  the  sphere  on  a 
plane,  or  by  trigonometrical  computation;  but  the  words  of 
Hipparchus  plainly  shew  that  one  of  the  last  two  methods  was 
employed,  for  he  states  that  he  had  demonstrated  the  solution  of 
the  problem  by  a  fi<fure^  in  his  treatise  on  the  simultaneous 
risings  and  settings  of  stars :  unfortunately  this  work  is  lost,  as 
well  as  the  twelve  books  which  he  had  written  concerning  the 
calculation  of  a  table  of  chard  lines  inscribed  in  a  circle ;  a  table 
which  must  have  been  intended,  like  that  of  the  sines  of  arcs  in 
modem  trigonometry,  to  facilitate  the  computation  of  the  un- 
known parts  in  plane  or  spherical  triangles. 

A  knowledge  of  the  positions  of  the  fixed  stars  is  the  basis 
upon  which  the  whole  of  astronomy  rests;  and  one  of  the  greatest 
benefits  which  Hipparchus  conferred  upon  the  science  consists 
in  tiie  formation,  firom  his  own  observations,  of  a  catalogue  said 
to  have  contained  the  places  of  above  one  thousand  of  the  prin- 
cipal stars.  It  is  uncertain  what  was  the  kind  of  instrument 
employed  in  making  these  observations ;  for  if,  as  is  supposed, 
the  catalogue  given  by  Ptolemy  was  formed  firom  that  of  Hip- 
parchus, it  would  seem  that  the  situations  of  the  stars  were  ex- 
pressed by  their  longitudes  and  latitudes ;  and  these  might  have 
been  obtained,  either  by  direct  observation  or  by  getting  the  right 
ascensions  and  declinations  in  that  manner,  and  determining 
from  those  elements  the  positions  of  Uie  stars,  with  respect  to  the 
ecliptic,  by  calculation.  But  as  Hipparchus  distinguishes  the 
places  of  stars,  in  his  commentary  on  Aratus,  by  their  right  as* 
censions  and  declinations,  it  is  probable  that  he  pursued  the  lat- 
ter mctiiod  in  forming  his  catalogue ;  and,  in  this  case,  the  in- 
strument employed  must  have  been  a  species  of  equatorial,  in 
which  one  of  the  circles  was  adjusted  to  coincide  with  the  plane 
of  the  equator;  there  might  be  another  circle  perpendicular  to 
this  and  capable  of  turning  on  the  polar  axis ;  and,  in  the  plane 
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of  tbis  last,  might  be  an  alitlado  turning  upon  tlie  centre  of  the 
annillse  and  carrj'ing  the  sigTits  hy  wliich  the  star  was  to  he  ob- 
served. In  naming  the  right  ascension  of  X  Dracoiiis,  he  says 
the  star,  on  its  parallel,  was  iu  three  degrees  of  Leo,  meaning,  as 
Delambre  ohscncs,  tliat  its  right  ascension  was  equal  to  about 
4*  3',  or  1*23  degrees;  and  the  last-mentioned  astronomer  thinks 
it  probable,  from  the  above  expression,  that  the  right  ascension 
was  measured  with  such  au  instrument,  on  the  star's  parallel  of 
declination '  ;  but  tills  docs  not  necessarily  follow,  and  it  is  more 
likely  that  the  right  ascension  was  measured  on  the  equator  of 
the  instrument  between  its  equinoctial  point  and  the  horary  circle 
passing  through  the  star  at  tlie  time  of  observation :  be  that  as 
it  may,  it  is  certain  that  Hipparchus  supposed  the  equator  as 
well  as  the  ecliptic  to  be  divided  into  signs,  or  spaces  of  30  de- 
grees each ;  and  if  we  compute  from  the  present  tables,  making 
the  necessary  allowance  fur  the  movement  of  tlie  equinoctial 
points  since  the  time  of  Hipparchus,  it  will  ajipcar  that  the  right 
aitcension  of  X  Draconis  was  then  equal  to  121"  42';  the  error, 
consequently,  is  about  78  minutes,  which  will  not  appear  sur- 
prising when  we  consider  the  probable  imperfection  of  the  in- 
strument and  the  manner  of  making  the  observation. 

Ptolemy  quotes  an  obsen-ation  of  the  moon  made  by  Hippar- 
chus at  Rhodes,  in  the  year  197  from  the  death  of  Alexander, 
with  an  astrokbe  which  was  capable  of  being  adjusted  to  co- 
incide Willi  the  plane  of  the  ecliptic  in  the  heavens,  and  by  which 
consequently,  the  longitudes  and  latitudes  of  celestial  bodies  and 
the  places  of  the  nodes  of  the  moon  or  any  planet,  might  be  di- 
rectly obtained :  but  the  difficulty  of  verifying  the  position  of  the 
instrument  must  have  rendered  the  use  of  it  inconvenient,  and 
the  ohsenations  made  witli  it  liable  to  many  inaccuracies ;  it  is 
probable,  therefore,  that  it  was  not  so  generally  employed  as  the 
equatorial  astrolabe  before  mentioned,  for  the  adjustment  of 
which  it  was  only  necessary  to  find  a  horizontal  plane,  to  trace 
on  it  a  mericUan  hne  and  to  give  to  the  plane  of  the  principal 
circle  an  inclination  to  the  former  plane  invariably  equal  to  the 
complement  of  the  latitude  of  the  place  of  observation. 

From  the  ancient  accounts  of  tlie  situations  of  fixed  stars  and 
*  RitUMTB  de  I'AiirMiomic,  lom.  I. 
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planets,  with  respect  to  the  equinox,  we  find  that  it  was  the 
practice  to  obtain  the  distances  of  these  from  the  sun  in  longi- 
tude  or  right  ascension  by  the  intervention  of  the  moon.  On 
account  of  the  impossibility  of  seeing  the  sun  and  star  at  the 
same  time  by  the  naked  eye,  the  distance  of  the  latter  jGrom  the 
moon,  when  both  were  above  the  horizon,  was  observed  by  some 
instrument;  then,  by  means  of  the  known  synodical  movement 
of  the  moon,  her  distance  from  the  sun  was  found  and,  conse- 
quently, that  of  the  star  from  the  sun ;  but  the  place  of  the  son 
with  respect  to  the  equinoctial  points  being  also  known,  that  of 
the  star  from  the  same  points  was  determined.  We  have  here 
supposed  the  moon's  distance  from  the  star  to  be  measured,  but 
it  is  evident  that  a  conjunction  which  coidd  be  observed  by  the 
unassisted  eye,  or  an  appulse  in  which  the  distance  could  be 
estimated,  may  have  been  occasionally  employed  and,  in  fact, 
such  was  the  more  ancient  manner  of  ascertaining  the  places  of 
the  stars.  But  in  whatever  way  the  distance  of  a  star  from  the 
moo^  was  found,  it  is  obvious  that  its  longitude  or  right  ascen- 
sion must  have  been  affected  by  the  errors  then  existing  in  the 
values  of  the  lunar  movements ;  and  this  evil  could  not  be  re- 
moved till  the  invention  of  telescopes,  which  permitting  some 
of  the  principal  stars  to  be  seen  in  the  day-time,  it  became  pos- 
sible to  dispense  with  the  moon  and  to  determine  the  difference 
in  the  right  ascensions  of  the  sun  and  star  by  direct  observation. 
It  may  be  observed  in  this  place  that  Hipparchus,  probably,  was 
not,  at  the  time  of  writing  the  commentary,  acquainted  with  the 
movement  of  the  equinoctial  points  in  the  heavens ;  for  he  seems 
to  suppose  that  the  places  of  the  stars,  in  the  time  of  Eudoxus, 
were  the  same  as  those  he  assigns  to  them  from  his  own  observa^ 
tions,  which  were  made  above  two  hundred  years  later ;  and  it  is 
from  this  circumstance  that  the  commentary  on  Aratus  has  been 
supposed  to  be  one  of  his  earliest  works.  A  remark  made  by 
Ptolemy  *  proves  that  Hipparchus,  after  determining  the  places 
of  the  stars,  had  made  a  representation  of  the  heavens  on  the 
surface  of  an  artificial  globe,  which  appears  to  have  been  depo- 
sited at  Alexandria. 
The  principal  circumstance  from  which  an  argument  can  be 

•  AlmagMt.  Lib.  VII.  Cap.  1. 
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diuivn  in  favour  of  the  opinion,  that  tbia  celebrated  philosopher 
subsequently  became  acquainted  w-ith  the  fact  of  the  precession 
of  the  stars,  or  ratlier  the  retrogradation  of  the  equinoctial  points, 
is  the  comparison  he  made  of  the  place  of  tlie  star  Spica  Vir<ji- 
Wf»,  determined  by  himself,  with  that  assigned  to  it  by  Aristyllus 
and  Timocharis  about  170  years  previously.  He  slates  that,  in 
his  time,  this  star  was  distant  Q  degrees  from  the  autumnal  equi- 
nox, or  that  its  longitude  was  174  degrees ;  a  fact  which  Ptolemy 
supposes  he  had  ascertained  by  an  eclipse  of  tlie  moon  obscr\*ed 
in  the  thirty-second  year  of  the  third  Calippic  period,  when  the 
star  was  in  its  vicinity;  but  Uie  astronomers  above  mentioned 
bad  foundj  probably  in  a.  similar  manner,  tliat  the  same  star  was 
8  degrees  from  the  equinox:  now,  if  llipparclms  felt  any  con- 
fidence in  his  own  obscnations  and  iu  those  of  Timocharis,  he 
could  not  avoid  considering  this  tlifibrence  as  caused  either  by 
a  movement  of  tJie  star  in  longitude,  during  the  intenal,  or  by 
a  contraiy  movement  of  the  equinoctial  point  in  the  heavens; 
and,  by  proportion,  he  must  have  found  that  the  one  or  tlie  other 
was  equal  to  42  seconds  yearly :  it  is  right,  however,  to  observe 
that,  according  to  Ptolemy ',  Hipparchus  received  from  the  an- 
cients scarcely  any  other  observations  on  the  fixed  stars  than 
those  which  had  been  mode  by  the  two  astronomers  above  men- 
tioned ;  and,  even  of  these,  he  adds,  the  accoimts  were  obscurely 
delivered:  whence  it  may  be  inferred  that  little  dependence 
could  have  been  placed  on  the  value  of  an  element  determined 
by  such  data.  The  other  argument  from  which  it  may  be  con- 
cluded that  (lipparcbus  u  as  acquainted  with  tlie  retrogradation 
of  the  equinoctial  points,  is  drawn  from  the  fact  that  Ptolemy 
quotes  a  work  under  tliat  title  which,  he  says,  was  aitrribed  to 
him;  and,  though  tliis  circiunstance  does  not,  exactly,  prove 
that  Uie  former  astronomer  had  written  the  work,  it  seems  not 
likely  that  any  person  sboidd  have  attributed  to  anotlier  tlie  com- 
poaition  of  a  scientific  treatise,  the  honotn  of  which  belonged  to 
himself;  or  ttiat,  witliin  the  two  hundred  and  fifty  years  which 
elapsed  between  the  limes  of  Hipparchus  and  Ptolemy  the  real 
discoverer  of  this  important  element  should  have  been  forgotten. 
Plolemy  asserts,  on  the  autiiority  of  the  same  work,  that  Hip- 
•  Vbi  vayti. 
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parchoB,  when  lie  first  discoreied  the  psecesBioii,  thou^t  it  took 
place  only  in  the  zodiacal  stars,  as  if  the  zone  coDtaining  them 
had  a  motion  in  longitude  independent  of  the  moTement  of  the 
other  stars ;  but,  considering,  afterwards,  that  all  the  stars  pre- 
seire  their  relative  positions  unchanged,  he  concluded  it  to  be 
general :  and  it  is  added,  that  he  endeavomred  to  account  for  it 
by  supposing  that,  besides  the  diurnal  revolation,  the  system  of 
spheres  appertaining  to  the  fixed  stars  was  afifected  by  a  motion 
about  the  pole  of  the  ecliptic,  in  direct  order. 

The  value  of  the  precession,  supposed  to  have  been  obtained  as 
above  stated,  must  not  be  considered  as  near  the  truth ;  but  a 
more  correct  value  has  since  been  found  by  comparing  the  place 
of  a  certain  star,  in  the  days  of  Hipparchns,  with  that  assigned 
to  it  in  later  times.     Now  Hipparchns,  speaking  of  the  star  9 
in  Canis  Major,  says  it  was  in  that  part  of  the  solstitial  colure 
which  contained  the  summer  solstice,  meaning  that  its  longitude 
and  right-ascension  were  then  considered  equal  to  3  signs,  or 
00  degrees,  and,  in  the  year  1750,  the  longitude  of  the  same 
star  was  3*  26®  4'  10'':  hence,  supposing  the  observation  of 
Hipparchns  to  have  been  made  about  130  years  before  Christ; 
that  is,  1880  years  previously  to  the  other,  the  precession  in  lon- 
gitude would  be  49".92,  or  nearly  50"  annually ;  and  almost  the 
same  result  has  been  obtained  by  Delambre,  on  comparing  the 
longitudes  of  several  stars  in  the  catalogue  of  Hipparchns  with 
those  of  the  same  stars  determined  by  modem  observations.     It 
is  remarkable  that  Ptolemy,  who  must  have  used  a  like  process, 
comparing  the  places  assigned  by  Hipparchns  with  those  found 
by  iHuiself,  makes  the  annual  precession  equal  to  36"  only,  which 
seems  to  prove  that  the  observations  of  Ptolemy  were  less  accu- 
rate than  those  of  the  more  ancient  astronomer. 

The  method  of  designating  the  places  of  stars  by  their  longi- 
tudes and  latitudes  might,  as  Delambre  observes  *,  have  been 
adopte<l  by  llipparchus  subsequently  to  the  discovery  of  the  pre- 
cession, on  account  of  the  facility  it  affords  in  correcting  those 
places ;  sance,  the  latitudes  being  but  little  affected  by  this  mo- 
tion, the  variations  are  only  equal  to  the  precession  in  longitude 
in  the  interval  between  two  given  times.    The  same  astronomer 
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also  BtippoBea  that  HipparchuB  introduced  tlie  practice  of  reck- 
oning the  longitudes  and  right  ascensions  from  the  intersection 
of  the  ecliptic  and  equator  in  the  heavens,  for  tlie  sake  of  its 
convenience  in  trigonometrical  calculatioua ;  that  intersection, 
he  observes,  being  a  common  angular  point  for  all  the  triangles 
by'which  the  reductions  are  made  from  the  plane  of  one  of  these 
circles  to  that  of  the  other. 

The  length  of  the  solar  day,  or  the  interval  between  two  suc- 
cessive arrivals  of  the  sim  at  the  meridian  of  any  place,  was  by 
Hipparchus,  from  his  observations  of  the  daily  movements  of  the 
snn,  found  to  be  variable  in  different  seasons ;  and  in  order  to 
reduce  this  to  its  mean  value  be  is  said  to  have  applied  a  correc- 
tion similar  to  tliat  which  has  since  been  called  the  equation  of 
lime.  Now,  ifthe  day  be  made  to  commence  with  tlie  arrival  of  the 
sun  at  the  meridian,  it  would  be  easy  to  shew  that  this  equation 
must  depend  on  the  inequalities  in  the  sun's  motion  and  on  the 
ohhquity  of  his  path  in  the  heavens  to  the  axis  of  the  diumd 
revolution,  which  terms  being  quite  independent  of  the  situation 
of  the  place  of  observation,  the  daily  values  ofthc  equation,  when 
found  and  arranged  in  a  table,  might  be  applied  immediately  to 
the  transformation  of  apparent  into  mean  time,  or  the  converse, 
in  any  climate  of  the  earth :  but,  while  the  day  was  supposed  to 
commence  wiUi  the  rising  of  the  sun,  there  must  have  been  an- 
oth«  canse  of  inequality  in  Uie  lengths  of  days,  depending  upon 
the  variable  inclination  of  the  sun's  path  to  tlie  horizon,  conse- 
quently depending  upon  the  latitude  of  tfie  place  uf  obscn-ation ; 
and  the  equation  of  time,  for  the  samo  day,  must  have  been  dif-  " 
feient  in  places  not  having  the  same  latitude  ;  Uie  simplification 

I         of  this  element  was,  in  all  probability,  tlie  reason  why  Hippar- 
chus changed  tlie  regulation  of  the  lengtli  of  the  day  from  the 

'  internal  between  two  successive  risings  of  llie  sun  to  that  be- 

tween two  successive  arrivals  of  the  sun  on  tlie  plane  of  the  me- 

'  ridian ;   it  must  be  remarked,  however,  that  tliis  philosopher 

'  made  the  day  commence  at  midnight,  whereas  astronomers  now, 

universally,  begin  the  day  at  noon,  but  the  other  method  is  still 

1  followed  in  our  reckoning  of  time  for  civil  purposes.    Themox- 

imam  value  of  tlie  equation  of  time  is  said  to  have  been,  by  Hip- 

L         parchus,  determined  to  bo  equal  to  33'  20" ;  a  quantity  greater 
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Uum  the  true  value,  which  U  known  to  be  equal  to  about  fi 
minutes  only.  It  is  also  worthy  of  obscnalion,  that  in  or  before 
the  time  of  Hipparchus  the  hour  of  ihe  nighl  at  which  any  phe- 
nomenon occurred  w  as  determined,  as  we  are  informed  by  Ptolemy, 
by  observing  what  star  was  on  the  meridian  at  the  time ;  for  lliu 
right  ascension  of  tho  sun  being  known,  the  difference  between 
this  and  the  right  ascension  of  the  star  is  the  time  required.  The 
star  M  in  Conis  Major  seems  to  have  occasionally  served,  by  its  ar- 
rival at  the  meridian,  to  intUcate  the  zero  for  reckoning  the  hours ; 
its  right  ascension,  which  was  then  exactly  90  degrees,  rendering 
it  convenient  for  Uie  purpose ;  and,  when  any  other  star  was  ob- 
ser\'ed  on  the  meridian,  tho  difference  in  time,  between  the  right- 
ascensions  of  such  star  and  of  that  above  mentioned,  expressed 
tlie  hour  of  the  night. 

The  investigation  of  the  laws  by  which  tlie  movements  of 
the  sun,  moon  and  planets  are  regulated  is  an  essential  pari 
of  the  labours  of  an  astronomer ;  and  as  soon  as  the  places  of  the 
principal  fixed  stars  had  boen  determined  willi  prcciaon,  it 
seems  that  Uipparchus  applied  himself  to  this  difficult  task,  in 
the  prosecution  of  which  he  ha*  displayed  the  resources  of  a 
liighly  expanded  mind;  and,  by  the  importance  of  the  results 
he  obtained,  he  lias  acquired  for  himself  the  rejiutalion  of  being 
the  most  successful  cultivator  of  the  science  among  the  ancients. 
The  lengtli  of  the  tropical  year  is  tlic  first  step  in  the  svlai 
theory  which  it  is  necessary  to  obtain  with  exactness,  not  only 
on  account  of  its  utility  in  the  regulation  of  Uie  calendar,  but, 
also,  because  upon  it  depend  the  elements  of  the  apparent  orbit 
of  the  Bun.  Till  the  time  of  Hipparchus  this  liad  been  con- 
cluded from  comparisons  of  the  observations  transmitted  by  the 
Chaldeans  and  Egyptians,  with  those  of  later  dates ;  but  this 
distinguished  astronomer,  who  is  twice  designated  by  Ptolemy 
a  man  of  great  industry  and  a  lover  of  truth",  knunnng  thu 
uncertainty  of  the  more  ancient  observations,  endeavoured  to 
avail  himself  of  such  as  had  been  mode  nearer  liia  own  time, 
which  might,  consequeutly,  be  supposed  more  accurate.  Now 
k  the  data  to  be  employed  for  detcmiining  the  lenglJi  of  the  yet 

L  may  consist  of  the  observed  days,  eitJier  of  tlie  solstices  or  4^^| 
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the  equinoxes,  and  there  existed  in  that  ago  on  observation 
of  a  solBtice  which  had  been  made  by  Arislarchus  or  Archi- 
medes at  the  end  of  the  fiilicth  year  of  the  firrt  Cahppic  iieriod, 
or  in  the  year  281  Before  C'iirist;  this,  Hipparchus  compared 
with  one  made  by  himself  at  the  end  of  the  forty-third  year  of 
the  third  Calippit  period;  that  is  146  years  later,  aiid  it  ap- 
peared that  the  latter  solstice  happened  twelve  hours,  or  half  a 
day,  lulcr  than  the  time  determined  by  calculation  on  the  sup- 
position tliat  the  year  consisted  of  365^  days;  bulf^  =  '00345, 
or  nearly  55^,  therefore  that  stipposition  appeared  to  be  in  ex- 
cess about  xsT  of  a  day,  and  Hipparchus  concluded  that  the 
number  of  days  in  the  tropical  year  was  eqoal  to  3lf5  +  ^— y^o-, 
or  to  365'"2-Jfi55,  a  value  which  is  (jreater  than  the  truth  by 
U'  13"  only;  since,  according  to  La  I'lace",  the  length  of  the 
tropical  year  at  that  time  must  haic  been  equal  to  365"'242215 
days,  or  about  4  "3  Hliorter  than  in  the  present  age. 

But  tlic  Greek  astronomer  conscious  of  the  uncertainty  at- 
tending the  observations  of  the  solstices,  Irom  the  smallnefis  of 
the  variations  in  the  lengths  of  the  shadows  cast  by  the  gnomon, 
an  uncertainty  wliich  he  admits  migltt  amount  to  a  quarter  of  a 
day  in  tlie  time  of  tlic  arrival  of  the  sim  at  the  tropic,  seems  to 
have  made  an  effurt  to  employ  the  metliod  of  the  equinoxes,  by 
observations  made  with  the  equatorial  armillo',  which  woidd  bo 
susceptible  of  more  precision;  but  of  this  kind  of  observation 
there  seems  to  have  been  none  made  previously  to  his  time, 
and  he  was  reduced  to  the  necessity  of  employing  such  as  were 
made  by  himself  at  un  interval  of  only  ihirty-tliree  years:  the 
lengtli  of  the  year  detennined  by  these  observations  was  nearly 
the  same  as  that  found  from  the  solstices,  as  before -mentioned, 
but  the  hist  intenal  of  time  being  too  small,  the  couicidenco  of 
the  results  coidd  hardly  be  considered  as  a  proof  that  either  was 
correct.  On  the  faith  of  these  dctenninations,  which  were  the 
most  accurate  then  obtained,  Hipparchus  suggested  an  improve- 
ment in  the  calendar,  in  order  to  keep  the  seasons  lo  ilie  same 
days  of  the  year :  it  had  before  been  the  practice  to  intercalate 
one  day  at  the  end  of  every  fourth  year,  which  was  done  on  the 
supposition  Uiat  tlie  lenf^  of  the  year  was  365j^  days,  and  he 
*  Bifoiiiati  Un  SrvUme  ia  Uonde. 
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proposed  to  leave  out  one  of  the  intercalated  days  at  the  end  of 
every  ihree  hundred  years  which,  it  was  expected,  would  leave 
a  very  trifling  error  in  the  times  of  the  returns  of  the  seasons. 
It  is,  however,  imcerliun  whether  the  recommendation  of  Hip- 
parchus  was  attended  to  by  persons  in  power;  and,  e*en  if  it 
were  so,  it  could  only  have  been  adopted  in  the  calendar  of  the 
Egyptians,  since  there  is  no  account  of  it  in  tlie  nTitings  of  any 
other  people. '  But  it  is  probable  that  in  Egj'pt,  as  well  as  in 
Europe,  the  correction  was  considered  only  as  the  speenlation 
of  a  private  philosopher;  for  if  we  suppose  it  to  have  succeeded 
in  gaining  tlie  coniidence  of  the  public,  we  shall  find  it  difficult 
to  believe  that,  at  ihc  time  of  the  reformation  of  the  Roman  ca- 
lendar by  JiUius  Caisar,  the  mathematicians  consulted  on  ihe 
occasion  would  not  have  used  their  influence  lo  procure  the 
introduction  of  an  intercalation  which,  besides  being  little  moro 
complex  than  that  actually  adoptetl,  would  have  possessed  the 
advantage  of  very  superior  accuracy. 

The  Romans,  never  disposed  to  pay  attention  to  subjects  of 
a  scientific  nature,  contented  themselves  with  the  lunar  year 
instituted  by  Numa,  till  its  inconvenience  as  a  means  of  lixing 
the  times  of  historical  events  became  so_  sensible  as  to  induce 
them,  at  length,  to  change  it  for  that  which  is  regulated  by  the 
motion  of  the  sun :  for  this  purpose  Sosigencs  of  Alexai>dria 
proposed  to  add  10  days  to  the  355  constituting  the  lunar  year, 
increasing  the  former  lengths  of  some  of  the  months  by  one  day 
each,  constantly,  but  the  month  of  February,  by  one  day  in  evs^gb 
fourth  year  only ;  the  fourtli  year,  thus  containing  360  days,  wifl 
called  bissextile,  and  the  added  day  was  intended  to  correct  tho' 
error  arising  from  the  supposed  excess  of  the  length  of  each 
year  above  365  days.  This  regulation  of  llio  calendar  was 
from  lliat  time  followed  within  the  Hmits  of  the  Roman  empire ; 
and,  ailer  sixteen  centuries,  ihe  inaccuracy  in  the  value  of  tlic 
excess  assumed  by  the  mathematiciajis  of  Ciesar  was,  also  by  a 
Roman  Pontiff,  corrected  in  a  new  n-formaUon  of  the  calendar, 
which  is  now  adopted  by  all  civi1ize<l  nations. 

From  a  difference  in  the  places  bf  Spica  Virginis  which,  ac- 
cording to  Piolcniy,  Hipparchus  had  determined  by  two  ecbpses 
of  the  moon  obGerve<l  in  the  thirty-second  and  forty -third  years 
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of  thelhirdCalippic  period,  the  last  mentioned  astronomer  seems 
to  have  entertabied  a  suspicion  tJial  there  was  an  inefjuali^  in 
the  length  of  the  solar  year;  and  it  is  probable  Uiat,  in  order  to 
ascertain  this  point,  he  made  those  comparisons  of  the  limes  of 
the  equinoxes  and  solstices  which  have  been  mentioned  above. 
By  the  first  of  those  eclipses,  as  Ptolemy  infonus  us,  the  longi- 
tude of  the  star,  determiaed  by  its  distance,  at  that  time,  from 
the  moon,  was  5'  23"  30';  and  by  the  other,  5'  24°  45':  the  dif- 
ference, which  is  1°  15',  is  too  great  to  bo  accounted  for  by  tJie 
precession  in  the  interval  between  the  observations,  and  at  a 
time  when  the  length  of  the  year  was  unsettled,  it  is  not  won- 
derful that  the  cause  should  be  ascribed  to  a  variation  in  the 
periodical  time  of  the  sun's  revolution:  this  variation  is  assumed 
by  Hipparchus,  who,  in  speaking  of  the  observations  by  which 
the  length  of  the  year  wa«  determined,  expresses  an  opinion* 
that  neither  he  nor  Archimedes  could  have  erred  so  much  as  a 
quarter  of  a  day  in  the  computed  times  of  the  solstices  i  but, 
^ce  this  element  is  well  known  to  be  very  nearly  constant, 
we  cannot  avoid  concluding  wiih  Dolambre  that  t)ie  above  dif- 
ference must  have  been  owing  to  errors  in  the  observed  distance 
of  the  moon  from  the  star,  or,  perhaps,  to  an  imperfect  know- 
ledge of  tlie  effect  of  parallax  in  changing  her  longitude. 

Hipparchus  is  said  by  Ptolemy  to  have  found  from  observa- 
tion, that  the  inlen'al  between  the  vernal  equinox  and  the  sum- 
mer solstice  was  equal  to  9i^  days,  and  that  from  tlie  latter  to  iJie 
autumnal  equinox  there  were  only  92j-  days ;  hence  it  must  have 
followed,  that  the  length  of  the  summer  half  year  was  187  days,  and 
thatof  the  winter  half  year,  178  days.  It  is  easy  to  conceive  that 
this  unequal  division  of  the  year,  which  could  not  have  been 
unknown  before  the  lime  of  Hipparchus,  may  have  led,  origi- 
nally,  to  the  idea  of  representing  the  sun's  orbit  by  a  circle, 
whose  centre  is  not  coincident  witli  that  of  the  cartli ;  and  there 
can  be  little  doubt  that  Apollonius  had  investigated  the  ele- 
ments of  the  orbit  on  this  liypotliesis,  though  no  account  of  bis 
researches  have  been  transmitted  to  us:  tJiat  Hipparchus  did 
BO  we  have  the  authority  of  Ptolemy  for  saying,  but  wc  are 
ignorant  of  the  processes  he  adopted ;  yet,  as  the  last  mentioned 
astronomer  informs  us  that  his  own  investigalious  terminated  io 
■  Almagal,  Lib.  III.  Cap.  3. 
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the  same  results,  and  as  he  does  not  claim  for  himsdf  the  merit 
of  having  invented  a  new  method  of  proceeding  in  the  enqiiiry; 
we  may  without  hesitation  consider  that  the  reasonings  of  Hip- 
parchus  were  similar  to  those  which  he,  himself,  has  exhibited 
in  the  Almagest,  and  of  which  the  following  is  an  outline. 

Let  the  circle  a  b  d'  (Plate  I.  fig.  4.)  be  the  sun's  oibit,  of 
which  c  is  the  centre,  and  let  £  be  the  place  of  the  eftrih ;  dien 
c  E  will  be  the  eccentricity,  and  A  p  the  line  of  the  apsides : 
through  E  draw  B  b',  and  d  o'  at  right  angles  to  each  other ;  then 
B  and  B'  will  be  the  places  of  the  sun  at  the  summ^  and  winter 
solstices,  D  aiid  d'  his  places  at  the  vernal  and  autmnnal  equi- 
noxes respectively.  Since,  as  above  stated,  the  interval  between 
the  vernal  equinox  and  summer  solstice  is  equal  to  9A^  days, 
and  between  the  latter  and  the  autumnal  equinox  is  92J  days, 
and  that  the  periodical  revolution  of  the  sun  is  accomplished  in 
365^  days ;  we  have,  by  proportion,  the  arc  D  B,  or  the  angle 
D  c  B,  equal  to  93°  9',  and  the  arc  b  d',  or  the  angle  b  c  d',  equal 
to  9V  11';  therefore  the  arc  dbd'=184°  20',  and  half  the  ex- 
cess of  tliis  arc  above  180  degrees,  that  is  2°  10',  is  evidently 
equal  to  d  d,  or  to  the  angle  d  c  d ;  consequently  c  a,  which  is 
equal  to  the  sine  of  this  angle  or,  according  to  the  expression  of 
Ptolemy,  to  half  the  chord  of  twice  the  angle,  may  be  obtained 
from  a  table  of  natural  sines  or  chords,  the  radius  c  a  being  sup- 
posed equal  to  unity.  Again,  the  difference  between  the  arcs 
D  B  and  D  d  gives  the  arc  d  B,  from  which  taking  the  quadrant 
d  b,  we  have  0°  59'  for  the  value  of  b  b,  whose  sine  is  equal  to 
a  F,  which  therefore  may  be  found  from  a  table  of  sines ;  then, 
by  the  well-known  formula  of  right  angled  triangles,  c  E  the  ec- 
centricity, is  equal  to  V  (ca*  +  E a*),  which,  when  c  a  is  unity, 

is  equal  to  0.0415;    that  is    ce=5:^  nearly;  this  element  is 

now  known,  on  a  different  hypothesis,  to  be  equal  to  0.0168, 
when  c  a,  or  the  mean  distance  of  the  sun  from  the  earth,  is 
equal  to  unity. 

Draw  M  m'  through  e,  perpendicularly  to  a  p  ;  then  Z.  c  m  B 
is  evidently  equal  to  the  greatest  difference  between  the  place  of 
the  sun  in  tlie  heavens,  if  it  could  be  seen  from  c,  and  its  appa- 
rent place  as  seen  from  E ;  that  is,  the  angle  c  M  E  is  what  is  now 
called  the  greatest  equation  of  the  centre,  or  what  the  Greeks 
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called  tbo  ma^ciniiiro  proslaphereMs,  or  anomaly :  now  c  K  is  evi- 
dently the  sine  of  that  angle,  c  A  being  tlie  radius,  and  the  above 
value,  which  was  assigned  lo  it  by  Hipparclms,  corresponds  to  an 
angle  of  2°  23';  which,  however,  much  exceeds  the  truth,  for  it  is 
nowmadeequal  toabout  1°55'.  In  the  right  angled  triangle  cas 
the  niles  of  trigonometry  give  the  value  of  Z  c  E  a,  which  will  be 
found  equal  lo  65"  35'  5 ' ;  but  D  being  the  position  of  the  ver- 
nal equinox,  the  angle  c  B  a  or  its  equal  A  E  D  expresses  the  lon- 
gitude of  the  apogeum,  which  is  therefore  found :  also  the  an- 
gle c  M  E  being  known,  as  above,  and  c  e  M  being  a  right  angle, 
we  hare  the  angle  M  c  e,  and  its  supplemental  angle  mca, 
which  is  equal  lo  Si"  22'  4G";  and  the  angle  Dcd  together  with 
A  c  d,  or  its  equal,  a  e  d,  being  known,  their  sum  gives  tlie  angle 
D  c  A :  hence  tlio  periodical  time  of  the  revolution  of  the  sun  in 
its  orbit  being  known,  and  the  motion  about  c  being,  by  h3fpo- 
thesis,  uniform,  Hipparchus  could  find,  by  proportion,  the  time 
in  which  the  sun  would  move  from  d  to  A  and  from  a  lo  m  ;  and 
the  time  when  the  sun  is  at  i>,  that  is  in  the  equinox,  being 
given  by  obseriation,  he  could  obtain  the  time  when  the  sun  was 
in  apngeo,  and  that  in  which  the  equation  of  tlie  centre  was  a 
maximum.  On  the  hj-pothesis  here  slated  Hipparchus  com- 
puted tables  of  the  Solar  movements,  which  Ptolemy  has  made 
use  of;  but  their  errors  must  have  been  considerable  on  account, 
both  of  llie  erroneous  determination  of  the  jtrostapheresis  and  of 
the  supposition  that  the  motion  of  the  sun  about  c  is  uniformj 
which  is  not  the  case. 

After  establishing  a  theory  of  the  sun,  Hipparclius  applied 
himself  to  the  investigation  of  the  movements  of  tlie  moon  ;  a 
work  of  greater  difficulty,  in  the  performance  of  which  we  fmd 
that  he  availed  himself  of  the  ancient  registers  of  cchpscs  and, 
no  doubt,  of  many  direct  obsenations  of  the  moon's  places, 
which  may  have  been  made  previously  to  his  time,  and  which 
must  have  afforded  several  useful  approximalions  to  the  periods 
of  her  movements.  Ptolemy,  who  has  given  the  same  account 
as  GeminuB  of  the  more  ancient  huiar  cycles,  or  periods  in  which 
the  restitntions  of  her  inequalities  take  place,  adds  that  Uippar- 
ebns,  by  comparing  tlie  ancient  observations  with  those  of  his 
own  time,  discovered  that  the  shortest  period  in  which  the  lunar 
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eclipses  ntum  in  tlic  same  order,  and  at  equal  intenals  of  tii 
was  126,007  days  1  hour,  vs-iUiin  which  period  tliere  were  4267 
lunations;  4573  restitutions  of  anomaly;  4612  tropical  revolu- 
tions of  the  moon,  minus  7^  de^ees ;  and  tliat  tlie  euD  made  in 
the  same  lime  345  revolutions  with  respect  to  the  fixed  stars ' : 
from  the  same  authority  we  learn  that  Hipparchus  had  discovered, 
by  a  comparison  of  eclipses  iu  which  the  moon's  anomaly  and 
latitude  were  the  same,  that  in  5458  months,  or  161,178  days, 
there  were  5923  restitutions  of  latitude.  Now,  dividing  the 
above  numbers  of  days  by  the  several  numbers  of  revolutions,  we 
obtain  the  corresponding  times  in  which  the  dilferent  revolutions 
of  the  moon  were  perfonned ;  and  agaiu,  dividing  360  di- 
by  each  of  these,  we  have — 

12°. 19076  for  the  moon's  mean  dfuly  syuodical  motion, 
13°. 17646  for  her  mean  daily  sidereal  motion  in  longitude, 
13°.22935  forhermeandaily  motion  with  respect  to  the  nodes,. 
13° .06498  for  her  mean  daily  motion  with  respect  to  the  apsides 
then,  by  subtmctiug  the  last  of  these  from  the  dmly  motion  u 
lon(^tude,wegetO°.11148  for  the  mean  daily  progressive  motion 
of  the  moon's  apogeum  ;  and,  again,  subtracting  the  daily  motioai 
in  longitude  from  that  with  respect  to  the  node,  wo  obtain  O^.OSai 
for  tl)e  mean  daily  retrogradation  of  the  moon's  node.  Lastly, 
viding  360  degrees  by  each  of  these  last  two  results,  we  have 
3229.3  days  for  the  period  of  a  revolution  of  tlie  moon's  apogeum, 
an<l  0806.6  days  for  that  of  a  revolution  of  one  of  her  nodes. 
The  place  of  her  apogeum  in  the  heavens  might  be  found  by 
serving,  in  the  re^sters  of  the  moon's  daily  motion,  two  of  b< 
places  which  differ,  in  longitude,  by  180  degrees  and,  in  tii 
by  half  an  anomahstic  revolution  :  and  the  place  of  a  node 
obsen'icg  tliat  of  the  moon  in  which  her  latitude  is  null. 

By  comparing  these  results  with  tliose  which  have  been  o\ 
tained  from  the  most  accurate  observations  made  in 
times,  it  is  proved  that  the  moon's  mean  motion  has, 
days  of  Ilipparchus,  experienced  an  acceleration,  by  which  the 
above  values  are  diminished  in  different  proportions.  Accord- 
ing to  La  ilacc  "  the  increase  of  the  angular  space  described 
daily  by  tlio  moon,  in  the  present  age,  with  her  mean  motion^ 
>  Alm*p)«I,  Lib.  IV.  Cap.  S.        *  Espoiition  da  Syitame  du  Mooda.  Nom  IV. 
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bcyoTi<]  Uie  daily  angular  space  described  in  the  time  of  Hip- 
parehus,  when  expressed  in  sexat^simaJ  numbers  is,  with  le- 
Bpect  to  the  sun,  O".0O736452  ;  with  respect  to  the  apsides, 
0".026879364,  and  with  respect  to  the  node,  ff. 001439856 : 
and  the  same  illustrious  astronomer  shews  that  these  values 
agree  ver>-  nearly  with  those  assigned  by  the  theory  of  gravitation. 

Previously  to  the  time  of  Ptolemy  it  appears  that  the  moon, 
like  the  sun,  was  supposed  to  have  but  one  inequality  of  move- 
ment and,  in  this  case,  it  is  easy  to  conceive  that  tlie  theory  of 
the  moon  must  have  been  similar  to  that  of  the  sun,  before  de- 
scribed. In  fact,  the  two  systems  of  Apollonius  relating  to  the 
orbits  of  the  planets  were,  indiflbrently,  used  to  explain  tlie  ap- 
parent variation  of  her  motion ;  and,  in  the  application  of  the 
first,  she  was  supposed  to  move  on  a  simple  eccentric  circle  witli 
a  velocity  equal  to  her  mean  motion  in  longitude,  while  the  ec- 
centric itself  was  made  to  revoU-e  in  the  same  direction  with  a 
velocity  equal  to  tliat  of  her  aj>Dgoum ;  in  the  application  of  tlie 
second  system  the  moon  was  made  to  revolve  on  tlie  circumfer- 
ence of  an  epicycle  whose  plane,  as  well  as  that  of  the  homo- 
centric  deferent  circle,  was  obhque  to  that  of  the  echptic ;  botli 
movements  were  imagined  to  be  uniform,  and  the  revolution  in  the 
epicycle  was  performed  in  tlie  time  of  an  anomoHstic  revolution, 
while  the  centre  of  the  epicycle  was  carried  about  the  homocen- 
tric  with  a  velocity  equal  to  her  mean  motion  in  longitude. 

As  the  computation  of  the  elements  in  a  simply  eccentric  orbit 
have  been  already  shewn,  we  may  now  exliibit  the  method  cm- 
ployed  by  Ptolemy  to  determine  those  of  an  orbit  compounded 
of  a  homocentric  circle  and  an  epicycle :  these  elements  are  tlie 
radii  of  the  circles  and  the  equation  of  the  centre ;  and  as  tlic  in- 
vestigation involves  only  a  knowledge  of  plane  trigonometry, 
and  Ptolemy  professes  to  follow  tlie  metliod  of  Uipparchus,  it 
is  probable,  as  Delombre  observes,  that  the  whole  process  may 
have  been  taken  from  tlie  latter  astronomer;  the  explanation 
may,  therefore,  without  impropriety  be  introduced  in  this  place. 

In  obtaining  the  data,  there  are  employed  the  three  most  an- 
cient eclipses  of  which  any  accounts  have  been  transmitted  to 
UB,  and  of  wliich  it  has  been  supposed  tliat  any  particulars  were 
known  to  the  Greeks ;  since,  if  Ptolemy  or  Hipparchus  had  been 
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acquainted  with  any  of  higher  antiquity  tlicy  frould  not  h» 
failed  to  make  use  of  them.  All  these  cch'pses  are  lunar 
were  observed  at  Babylou  in  Uie  reign  of  Mardocempadius,  wl 
is  supposed  to  be  the  Shalmaueser  of  the  SmptnrcB ;  the  fii 
which  occurred  in  the97th  year  of  the  era  of  Xabonasscr,  or  in 
year  720  B.  c,  is  said  to  hare  been  total  and  to  have  begun  ab< 
an  hour  after  the  moon  was  risen  in  the  night  between  the  21 
and  SOih  day  of  tlic  month  Tliolh,  when  the  longitude  of  the  i 
is  staled  to  have  been  11'  94"  30' ;  and  it  is  shewn  by  Caai 
that  the  time  of  the  middle  of  the  eclipse  coincided  with  the  l! 
day  of  March,  at  3''  20"  or  3"  29'  before  midnight,  aec< 
to  the  reckoning  at  Alexandria.  Tlie  middle  of  tlie  secoi 
eclipse  is  shewn  to  have  taken  ]3lace  at  a  time  which  correspoi 
to  the  8tb  day  of  March  in  the  year  719  Before  Christ,  and 
50'  before  midnight,  at  Alexandria ;  the  extent  of  the  eclips 
part  is  stated  to  have  been  3  di^ts  on  tlie  moon's  sautbem 
and  the  sun's  longitude  to  have  been  11'  14°  45'.  The 
eclipse  took  place  in  the  same  year  as  the  last,  on  a  day  ( 
spending  to  the  first  of  September,  and  its  middle  was  at  4* 
before  midnight,  at  Alexandria ;  llie  extent  of  tlie  eclipsed 
was  Q  digits  on  the  moon's  northern  timh,  and  the  sun's  Iodj 
tude  was  5'  S°  15'  nearly. 

Now  die  mean  motion  of  the  sun  and,  consequently,  tfaVii 
relative  motion  of  the  moon  in  lie  interval  between  the  Gnl 
and  second  eclipse;  that  is,  in  354.1042  days,  may  bo  rounds 
from  tlie  known  daily  motion  of  the  sim  (0°.  980)  to  be  849°  IJ 
and  between  the  second  and  third  eclipse ;  that  is,  in  176.8411 
days,  to  be  169"  30'.  The  mean  motion  of  the  moon  ia 
longitude  for  tlic  first  intcrral  ia  obtained  by  multiplying  her 
mean  dinmal  motion  (13°.  17646)  by  354.1043,  the  number  of 
days ;  then,  needing  whole  circumferences  or  dividing  by  360 
degrees,  the  remainder  will  be  345°  51',  which  is  tin-  distance  in 
mean  longitude  between  the  places  of  iho  moon  at  the  Umes  of 
the  first  two  eclipses:  in  like  manner,  the  disUncc  between  the 
mean  places  of  the  moon  at  the  limes  of  the  la^t  two  eclipses 
will  be  found  equal  to  170°  T.  Again,  the  mean  anomaliatie 
motion  of  tlic  moon  bctncen  the  times  of  tlic  first  and 
eclipse  is  obtained  by  niultiplyiug  the  mean  diurnal  motion 
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anomaly  (13''.0649«)  hy  354.1042  days,  and  the  whole  circnm- 
fiTcnccs  being  rtyccted,  tlic  raoTeinent  required  mil  be  306°  25' ; 
in  like  maimer  150°  25'  will  be  found  to  be  the  mean  anonialiHtic 
motion  between  the  times  of  llie  second  and  third  eclipse. 

With  these  data  Uie  elenieuls  of  the  lunar  orbit  were  investi- 
gated in  the  following  manner.  Let  E  (Plate  II.  fig.  1}  be  the 
place  of  the  earth,  c  tlie  centre  of  tlie  epicycle  amp,  or  the 
mean  place  of  the  moon  at  the  time  of  the  first  eclipse,  and 
assume  M  to  be  the  true  place  of  the  moon  at  the  same  time ; 
make  tJie  arc  M  !■  8=308"  25',  the  arc  bmd=150»26';  then  the 
arc  M  D  will  be  eqnal  to  96°  50' :  draw  B  E,  H  e  and  o  E ;  then 
/I  M  E  B  (=340"  15-345=  51',  or  3=  24'}  will  be  tlio  difference 
between  the  true  and  mean  geocentric  motions  of  the  moon,  in 
longitude,  in  tho  internal  between  the  first  and  second  eclipse, 
and  ilBED(=170''7'  — 169° 30", orO" 37) Ihedifference between 
the  tnie  and  mean  geocentric  motions  in  the  interval  between 
the  second  and  third  ccliiisc ;  thcreforv,  also,  Z.  M  E  d  {=2°  47') 
is  the  diffureuce  between  the  true  and  mean  movemcuts  in  the 
interval  between  the  first  and  third  eclipse.  Therefore,  c  or  A 
representing  the  mean  place  of  the  moon,  in  longitude,  at  the 
times  of  all  the  three  eclipses,  we  have  the  angles  h  e  c,  b  e  c 
and  DEC  for  Uie  niiknowu  prostaphereses  or  equations  of  the 
moon's  centre  at  lliosc  limes  respectively. 

Draw  c B,  CM,  c D ;  then,  because  the  arcs  B M,  H D  and  B D 
are  the  measures  of  tlie  angles  B  c  m,  m  c  d  and  b  c  d,  these 
angles  are  knoKii,  and,  assuming  Uie  radius  of  the  epicycle  to 
be  equal  to  unity,  we  may  compute,  by  plauc  trigonometry,  tho 
chords  B  M,  M  D,  B  D ;  with  these  and  tlio  angles  b  e  D,  M  e  n,  we 
can  also  find  the  lines  n  E,  D  E  and  M  e,  and  the  angle  £  M  c ; 
hence,  in  the  isosceles  triangle  M  c^  we  can  find  M  g  and  Uie 
perpendicular  c  B,  by  which  meiuis  n  E  becomes  known ;  and,  in 
the  triangle  c  H  R,  we  have  data  suilicient  to  find  c  E ;  conse- 
quently P  E  becomes  known ;  and,  by  employing  the  trigonome- 
Iricol  theorems  now  generally  in  use,  wc  have  ce=11.501, 
when  cp=l.  Again,  by  the  equality  of  the  rectangles  aexep 
and  B  E  X  E  F,  we  may  obtaiu  tho  value  of  B  F ;  whence,  in  the 
triangle  B  c  F,  we  shall  find  tlie  angle  B  c  F  to  be  equal  to 
151^  5' ;  and  from  the  triangle  b  u  K,  the  angle  B  B  c  or  the  equa- 
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tion  of  the  centre,  eqiinl  to  0°6fl'  10",  and  the  angle  bca, 
is  the  supplement  of  B  c  e,  equal  to  12°  24'  6";  this  is  the  a 
gular  distance  of  tlie  moon  &om  the  apogeum  of  the  epici'd 
at   the    time    of  the    second    eclipse,    and   corrcspoods   to  tbsl 
anvmuly  in  modem  astronomy;  and  in  like  manner  the  eqa&>  I 
tions  of  the  centre  and  the  distance  from  apogeo  at  the  times  oCl 
the  other  two  eclipses  might  have  been  found.   If  E  N  be  drawa^l 
touching  Uie  epicycle  in  n,  we  shall  liave,  in  the  triangle  c  N  EfM 
data  sufficient  to  obtain  the  angle  c  e  N,  the  maximum  equation  m 
of  the  moon's  centre,  and  this  will  be  found  to  be  4°  59'  2": 
has  been  said,  above,  that  at  the  time  of  the  second  eclipse,  the  ^ 
mean  longitude  of  the  sun  was  11'  14"  45';  by  taking  away  six 
signs,  we  have  5'  14°  45'  for  the  mean  longitude  of  tlie  moon ; 
and  subtracting  from  this  the  prostapheresis,  0°  59'  10  ",  we  have 
5*  13°  45'  50"  for  the  tnte  longitude  of  the  moon  at  the  s 
time:  agiun,  subtracting  from  this  12°  24'  6",  the  distance  of  ifaej 
moon  from  apogeo,  wc  have  5*  1°  21'  44"  for  the  longitude  oCM 
the  latter  point ;  thus  are  obtjuned  the  several  elements  of  tbal 
lunar  orbit,  and  tlie  values  above  fouud  agree  nearly  with  thoM  I 
determined  by  Hipparchus. 

Tlie  radius  of  the  epicycle  may,  as  we  have  said,  be  con-  I 
sidered  equal  to  the  eccentricity  of  tlie  moon's  orbit,  in  the  | 
otlier  hj-pothesis,  and  we  have  just  discovered  that  its  proportion  I 
to  the  mean  distance  of  the  moon  from  tlie  earth  is  as  1  to 
11.501,  or  OB  0,0869  to  1:  in  the  modem  astronomy  the  eccen- 
tricity of  tlie  moon's  orbit  is  to  her  mean  distance  as  0.0$25  to  1 . 
The  maximum  equation  of  the  centre,  above  detemiinod,  is  not 
to  bo  considered  as  constant,  that  value,  having  been  computed 
from  the  data  afforded  by  an  eclipse,  holds  good  only  when  the 
moon  is  in  syzygy ;  in  other  circumstances  the  equation  will  be 
different,  but  it  Is  probable  that  this  was  not  suspected  in  tlie 
days  of  Hipparchus,  and  that  we  are  indebted,  for  the  first  in- 
formation of  the  fact,  to  Ptolemy  who  discovered  it  by  investi- 
gating tlte  elements  of  tlie  lunar  orbit  alihe  time  the  moon  was 
in  quadrature,  as  will  be  hereafter  explained. 

In  continuing  Ms  investigation  of  the  moon's  orbit  according 
to  tlic  method  followctl  by  Hi]>parchus,  Ptolemy  proceeds  to 
show  how  the  places   of  the   nodes  were   found :   for  which 
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pnrpose  he  compares  the  second  of  the  Babylonian  eclipses 
above  mentioned,  which  took  place  in  the  year  719  Before 
Christ,  witli  auolher  obsened  also  at  Babylon  in  Uie  year  501 
Before  Christ ;  in  boUi  of  the  eclipses  Uie  extent  of  the  shadow 
was  three  digits,  on  the  moon's  southern  limb,  so  that  her  centre 
must  hare  b»en  equally  elevated  above  the  plane  of  the  ecliptic 
towards  the  north ;  in  both  eclipses,  also,  the  moon  was  near 
the  apogciun  but,  at  the  first,  she  was  near  the  ascending,  and 
at  the  other  near  the  descending  node.  The  interval  between 
the  two  eclipses  was  218  years,  309  days,  SSyj-  hours,  or 
79879.96  days,  in  which  are  included  2935.4446  revolutions  of 
the  moon  from  one  node  to  the  same;  the  excess  above  2935 
complete  revolutions  is  equal  to  160°  4',  and  tliis  is  the  distance 
in  mean  longitude  between  the  jilaces  of  the  moon  at  Uie  times 
of  the  two  eclipses.  But  the  equation  of  the  centre  at  the  lime 
of  the  first  eclipse  was  +59"  and  at  the  second,  +  13';  the  dif- 
ference between  these,  added  to  the  mean  distance,  gives  160° 
6fy  for  tlie  true  distances  between  the  two  places  of  the  moon; 
and,  since  she  was  at  equal  distances  fi-om  the  opposite  nodes, 
it  follows  that  half  the  supplement,  that  is  9°  35',  is  the  distance 
of  tlie  moon  from  the  node ;  or  the  moon's  longitude  at  the  time  of 
the  first  of  these  eclipses  exceeded  that  of  her  ascending  node  by 
that  quantity ;  hence,  the  former  being  known,  as  we  have  said,  to 
be  5'  13°  46',  the  longitude  of  the  node  must  have  been  5'  4°  11'. 
The  inclination  of  the  moon's  orbit  to  the  plane  of  the  ecliptic 
might  have  been  found  as  we  before  mentioned  by  direct  obser- 
vation, at  a  lime  when  tlio  moon  was  at  ninety  degrees  fi^m  the 
place  of  her  node ;  but  Ptolemy,  or  Uipparchus,  appears  to  have 
attempted  to  determine  this  element  by  means  of  partial  lunar 
eclipses;  selecting  for  the  purpose  such  as  occurred  when  tlie 
luminary  was  nearly  at  her  mean  distance  from  the  earth,  because 
then,  her  true  horary-  motions  in  longitude  and  latitude  are  nearly 
equal  to  her  corresponding  mean  motions ;  for,  supposing  the 
semidiameter  of  the  moon  and  that  of  the  earth's  shadow,  in  the 
region  of  the  moon  to  be  known,  the  sxim  of  these,  after  de- 
ducting ihc  extent  of  the  obscnred  portion  of  the  moon,  gives 
her  latitude,  nearly,  at  the  time  of  the  eclipse ;  then,  the  pro- 
portion of  the  horary  motion  in  latitude  to  that  in  longitude 
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gives,  by  eimilar  triangles,  the  moon's  dietanco  from  her  ooda) 
from  which,  and  the  latitude  thus  found,  the  angle  at  the  m- 
being  a  right  angle,  the  required  incliuution  may  be  obiaintrd, 

It  had  been  attempted,  as  we  have  s^d,  to  obtain  the  mi 
of  the  angular  diameters  of  the  sun  and  moon,  directly,  by 
instnimeut ;  but  this  appearing  not  sufficiently  delicate  to  shtr 
Uie  variations  of  the  moon's  apparent  diameter  when  in 
ferent  parts  of  her  orbit,  Ptolemy,  or  KipparchuSf  being  i 
scious   that  such  variations  existed  because   of  her  dlflcreni>| 
distances  from  the  earth,  had  recourse,  for  this  element  also,  torJ 
the  data  frunished  by  the  registers  of  eclipses.   For  this  purp* 
two  eclipses  of  the  moon  were  select£d  when  she  was  nearly  iap 
apogeo ;  in  one  of  the  eclipses  the  obscure  part  was  equal   to 
one  quarter  of  a  tUameter  on  tlie  soulliem  limb,   and,  in  tbe- 
olher,  it  was  equal  to  half  a.  diameter  on  the  northern  limb  ; 
the  distances  of  the  moon  from  the  node  at  the  times  of  the 
eclipses,  and  the  inclination  of  her  orbit  were  known;  hence 
Uie  latitudes  could  be  computed,    and  the  difference  bctweeot 
them  was  found  equal  to  T  50"  which  was,  of  course  cqu^il  to- 
the  difference  of  the  magnitudes  of  Uic  obsciure  parts,  and  tba. 
latter  difference   being  equal  to  a  quarter  of  a  diameter,  wo. 
have  4  x  {7'  50' ),  or  31'  20"  for  the  diameter  of  the  moon  whca 
in  apogeo.     lu  a  similar  way  the  diameter  was  found  when  she 
was  in  perigeo  and,  also,  whon  at  her  mean  distance  from  the 
earth ;  and,  in  the  latter  situation,  it  was  made  equal  to  33'  30". 
The  angle  subtended  at  the  earth  by  the  diameter  of  Hie  cone 
of  shadow  in  the  region  of  tlie  moon  was  casUy  determined  by 
tlie  lust  of  the  above-mentioned  celipseti ;  fur  half  the  lUsc  of  the 
moon  being  obscured,  her  centre  must  have  been  on  the  circum- 
feronce  of  the  section  of  the  shadow ;  and,  as  the  centre  of  this 
is  supposed  to  be  in  the  plane  uf  the  ecliptic,  the  uiinidiamuler 
of  the  shadow  was  then  equal  to  the  latitude  of  the  moon,, 
which,  beiug  computed,  was  found  equal  to  40'  41)' ;   this  ii^ 
therefore,  tlie  angle  subtended  by  Uic  lialf  breadtJi  of  the  sha- 
dow wlicn  the  moon  is  in  apogeu ;  and  in  the  same  manner 
41'  ■22"  was  found  to  be  the  angle  subtended  when  tJiu  moon 
was  at  her  moan  distance  from  the  earth. 
As  soon  as  it  was  known  thilt  the  magnitude  of  the  earth 
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bore  a  fmite  tcUUon  to  iu  distance  from  the  moon  and  sun,  i^ 
must  have  been  perceived  that  the  places  of  these  bodies  in  Uie 
beavenii  would  bu  difilTeiit  acuordiug  as  the  point  of  liiglit  wa& 
supposed  to  be  at  the  centre,  or  on  the  surface  of  the  earth  ;, 
and  if  the  first  was  considered  as  the  true  place,  it  would  be 
tbimd  necessary  to  correct  the  obsened  place  on  account  of  tlte 
parallax,  which  was  the  denomination  applied  to  tliis  cause  of 
error.  It  is  not  likely  tliat  the  parallaxes  of  th«  moon  and  sun 
should  have  been  unknown  even  in  the  days  of  Aristarcbus,  but 
the  first  iufomiation  we  have  received  of  them  is  derived  from 
the  works  of  Ptolemy,  from  which  we  leani  not  only  tliat  Hip- 
parchus  was  awaie  of  the  nature  of  tliis  element,  but,  also,  that 
he  was  in  possession  of  rules  for  computing  tlie  edccts  of  the 
lunar  parallaxes  in  longituile  and  latitude ;  the  former  astrono- 
mer, however,  iu  his  investigations  for  determining  the  luoax 
orbit",  employs  some  observations  on  the  moon  which  had  been 
made  l*y  Ilipparclms,  at  Rhodes,  and  in  which  the  luminary 
was  witliout  parallax  in  longitude,  her  apparent  place  being  ex- 
actly in  the  nonagesimal  degree ;  that  is,  in  the  )itane  of  a  great 
circle  passing  tlirough  the  poles  of  the  horizon  and  ecliptic ;  it 
is  probable,  Uierufore,  that  ilipparchus  had  purposely  chosen 
the  times,  when  the  moon  was  so  situated  in  order  to  render  Mb 
dctenninations  independent  of  that  element  of  whose  just  value 
he  might  reasonably  entertain  some  doubt. 

The  distance,  of  tlic  moon  from  the  earth  being  found,  as  we 
have  before  said,  (Chap.  X.,)  to  be  equal  to  about  sixty  semi- 
diameters  of  the  latter,  and  the  distance  of  the  sim  from  the 
earth,  according  to  the  determination  of  Aristarehus,  being 
about  nineteen  times  the  distance  of  tlie  moon,  it  might  be 
found,  by  a  graphical  construction  or  otherwise,  that  the  hori- 
zontal parallax  of  the  moon  is  about  S7  minutes  and  that 
of  llie  sun  about  3  minutes,  and  these  are  the  values  which 
Hipparchus  appears  to  have  employed  in  his  calculations ;  tho 
first  does  not  differ  much  £rom  the  tnitli,  but  tlie  other,  from 
the  error  in  the  distance  of  the  sun,  is  about  twenty  timea  as 
great  as  it  ought  to  be. 

The  effect  of  the  moon's  parallax  may  have  been  sensible  to 
■  Aloigot,  Lib.  V. 
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the  ancients  by  a  disa^emcDt  in  the  obs^red  and  calculated  dilli  I 
JereDces  of  latitude  or  dechnation,  of  tlie  moon  and  a  fixed  starjifl 
or  by  obgcning  that  Urn  distance  of  the  moon  from  a  certai^il 
fHaif  when  both  n-ere  together  on  the  meridian,  appeared  di&|l 
ferent  if  seen  bom  two  places  not  having  the  aame  latitude;, 
or,  finally,  by  observing  that,  fivm  two  plai-es  so  situated,  I 
partial  eclipse  of  the  sun,  ou  the  northern  or  southern  limbwfl 
did  not  appear  to  be  of  equal  magnitudes ;  and  Ptolemy  say^** 
that  from  observations  nf  this  kind,  by  assuming  (ca  the  p^|l 
rallax  of  the  sun  certain  small  quantiUes,  Hipparchus  attenipte4ta 
to  find  thai  of  the  moon ;  but  this  method  does  not  appear  Ukel^i  J 
to  have  aiTorded  any  more  correct  result  than  that  obtained  firooiifl 
the  magnitude  of  the  earth  and  its  distance  from  the  moon. 

The  foUowing  examples  may  senc  to  shew  in  what  mamw^l 
the  motions  of  the  planets  were  explained  by  the  theory  of  « 
umple  epicycle,  which  we  suppose  to  havebeen  adopted  in  ihail 
time  of  Hipparchus,  though  Uie  description  is  taken  from  tbft.  T 
works  of  Ptolemy-    The  time  of  a  planet's  opposition  to  the  kui^  I 
has  always  been  considered  as  the  most  eh^ble  for  making  ihaT 
observations  by  which  its  place  is  to  be  ascertained ;  because   ' 
the  planet,  earth  and  sun  being,  then,  in  one  line,  the  lon^^tnde 
of  the  first  difi'ers  from  that  of  the  last  by  exactly  180  degrees; 
and  the  situation  of  the  sun  with  respect  to  the  equinoctial 
points  being  known  by  direct  observation,  or  obtained  imm  its 
mean  place  by  equations  which  could  early  boast  of  consider- 
able accuracy,  tlie  corresponding  place  of  the  planet  became,  cotiq  J 
sequcntly,  known  with  greater  certainty  than  when  in  any  oUia 
part  of  its  orbit.    Tliis  was  an  advantage,  however,  which  i 
superior  planets  alone  aflbrded;  Venus  and  Mercury  nercr  c 
in  opposition  to  the  sun,  and  when  in  conjunction  with  I 
they  arc  invisible ;  hence  iJie  ancient  astronomers  were  reduced , ' 
to  the  necessity  of  making  their  obsenations  on  these  plancU 
at  tlie  times  of  their  greatest  elongations  fi'om  tlio  sun,  whitJi 
are  less  easily  determined  than  the  time  of  the  opposition  of  4 
superior  planet 

Now,  fr"»>  llie  registers  of  obsened  opiwsitious  of  tlie  suj 
riur   planclii,   IVdemy,  or  rather  Hipparchus,  found  t 
'  AliaigMt,  Lili.  V.  cap.  1 1 . 
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69.0048  tropical  years,  Saturn  had  come  57  thnes  to  opposition; 
tlial  is.  he  hat!  made  57  complete  revuhiUoiiB  in  his  epicycle,  or 
thtre  had  been  57  restitutions  of  anomaly  as  it  was  then  called ; 
tliat,iD  70.yS6fi  tropical  years,  Jupiter  had  come  65  timcB,  and  that 
in  79.001)7  tropical  years  Mars  had  come  37  times  to  opposition. 
Therefore,  hi  order  to  exhibit  these  phenomena  and  deduce  from 
thence  llie  values  of  Uie  mean  mo\cuiont8  of  the  superior  planets, 
agreeably  to  the  descriiitiun  of  Ptolemy,  let  E  (Plate  II,  fig.  2.) 
be  the  earth,  SsS'  the  orbit  of  the  sun,  a  h  p  the  planet's  de< 
ferent  circle  and  V  T  V  its  epicycle.  Let  it  be,  at  first,  supposed 
tliat  the  planet  is  at  V  in  tiie  pLiif^cuni  of  tlic  epicycle  at  the 
time  of  opposition,  when  the  sun  is  at  S',  and  that  it  revolves  on 
Uiat  circle  in  the  direction  V  Vl;  then,  between  tlie  lime  of  that 
opposition  and  the  next,  the  centre  of  the  epicycle  will  have 
moved  Irum  M,  suppose  to  m',  the  planet  will  move  to  v',  and 
the  sun  will  describe  one  complete  revolution  together  with  the 
arc  S'  a',  wliich  is  Uie  measure  of  the  angle  mem';  but  the  in- 
terval between  two  oppositions,  and  it  may  be  added,  of  two 
conj mictions,  being  considered  as  one  revolution  of  the  planet 
in  its  epicycle,  it  follows  that  such  a  revolution,  (supposed  to 
be  through  SGO  degrees.)  is  performed  in  the  time  that  the  sun 
takes  to  describe  3fi0  degrees  together  with  the  number  of  de- 
grees in  the  angle  mem';  and  consequently,  tliat  the  mean  mo- 
tion of  tlie  planet  in  its  epicycle  witli  respect  to  the  sun,  or,  as 
it  is  called,  the  mean  relative  motion,  is  equal  to  the  difference 
between  the  mean  motion  of  the  sun  and  that  of  the  planet,  in 
longitude.  Therefore,  that  tlie  planet  may  accomplish  any  num- 
ber of  entire  revolutions  in  the  epicycle,  the  sun  must  make  as 
many  tropical  revolutions  about  tlie  earth  together  with  as  many 
times  the  arc  8'  s' :  now,  with  respect  to  tlie  planet  Saturn,  the 
period  of  69.0048  years,  within  which  time  57  complete  revohi- 
tions  in  the  epicycle  were  performed,  may  be  considered  as  made 
up  of  57  +  2.0048  tropical  revolutions  of  tlie  sim ;  but  2.0048  re- 
volutions on  the  circumference  of  a  circle  are  equal  to  731.716 
degrees,  which  are  those  described  by  m,  the  centre  of  the  epi- 
cycle, in  69.0048  years :  hence  die  periodical  time  of  a  mean 
revolution  of  Saturn  in  his  orbit  about  the  earth  was,  by  the 
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ancients,  found  to  be  29.08  yean.  To  find  tbe  mean  dhimal  mo- 
tion of  Satum,  in  his  epicycle,  divide  20520  degrees  ( zt  57  circles) 
by  2 155 1.5  days (=59.0048  years), and  the  qaolient,  0**.95214,will 
be  the  movement  required ;  781.716  degrees  divided  by  21551.5 
days  give  0^.038486  for  the  planet's  mean  daily  motion  in  lon- 
gitude ;  and  these  two  movements  are  equal  to  the  mean  daily 
motion  of  the  sun  about  the  earth:  lastly,  dividing  21551.5  days 
by  57,  we  have  878.09  days  for  the  time  of  one  mean  peiiodi- 
cal  revolution  of  Satum  in  his  epicycle,  or  the  interval  between 
two  oppositions.  In  like  manner  the  periodical  times  and  tbe 
mean  movements  of  the  other  superior  planets  were  fomid. 

In  determining  the  times  and  movements  of  the  inferior  planets 
Hipparchus  considers  that,  as  the  centre  of  the  epicycle  de- 
scribed by  each  is  always  in  a  line  drawn  from  the  earth  to  the 
mean  place  of  the  sun,  the  mean  movement  of  the  planet  in  lon- 
gitude, or  the  motion  of  the  centre  of  the  epicycle  is  equal  to 
the  mean  motion  of  the  sun ;  that  is,  to  0^.98568  daily :  bnt, 
for  the  movement  in  the  epicycle,  he  found,  as  is  related  by 
Ptolemy,  that  the  anomalies  of  Venus  were  restored  five 
times  exactly,  in  2919.75  days,  and  those  of  Mercuiy,  145 
times  in  16802.58  days ;  that  is,  the  planets  returned  so  many 
times  to  their  greatest  elongations  fix>m  the  sun,  on  the  same 
side  of  that  luminary,  in  those  periods  respectively;  and,  di- 
viding the  periods  by  the  number  of  restitutions,  he  obtained 
588.95  days  and  115.875  days  respectively  for  the  periodical  re- 
volutions of  Venus  and  Mercury  in  their  epicycles  in  the  inter- 
val between  two  such  elongations ;  or,  which  was  then  consi- 
dered the  same  thing,  the  interval  between  two  consecutive  in- 
ferior, or  superior,  conjunctions  with  the  sun;  then,  dividing 
860  degrees  by  tlie  number  of  days  in  each  of  those  periodical 
revolutions,  we  have,  with  respect  to  the  sun,  the  mean  daily 
motions  of  the  planets  in  their  epicycles ;  which  are,  for  Venus, 
0.61649  degrees  and,  for  Mercury,  8.10667  degrees.  But  the 
return  of  an  inferior  planet  two  successive  times  to  the  point  of 
maximum  elongation  on  the  same  side,  or  to  the  point  of  Uke 
conjunction,  is  accomplished  in  a  period  equal  to  that  of  its  re- 
volution upon  the  circumference  of  the  epicycle,  together  with 
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the  time  in  which  it  would  describe  an  arc  of  that  circumference 
subtending  au  angle  equal  to  ihnt  of  the  sun's  movcroent  in  the 
said  period ;  for  let  K  (Plate  II,  fig.  2.)  be  llie  earth ;  S '  s",  d&- 
scribed  about  E  aa  a  centre,  be  part  of  tbe  siui's  orbit,  and  A  u  p 
be  llie  orbit  of  the  centre  of  the  epicycle  Vt  V ;  also,  let  V  be 
the  place  of  the  planet  at  its  inferior  conjunction  ;  then,  while 
the  plaucthas  moved  on  the  circumference  of  the  epicycle  in  re- 
Iropade  order  from  V  to  V,  the  point  of  next  inferior  conjunc- 
tion, the  point  S"  has  moved  to  s",  having  described  the  arc  S"  »" 
simply,  if  the  planet  be  Mercury,  and  the  arc  S"  s '  together  with 
a  complete  circumference,  if  Uie  planet  be  Venus ;  in  conse- 
quence of  which,  by  drawing  the  line  a  M  b  parallel  to  V  M  V', 
it  is  evident  that  V'  must  have  described  one  circumference  of 
the  epicycle  together  with  the  arc  b  V,  wliich  is  the  measure  of 
the  angle  b  m'  V,  or  of  its  equal  S"  e  s".  Now  multiplying  the 
number  of  days  in  the  pcriodieal  revolutions  above  found,  which 
are  also  the  times  of  describing  tlie  arc  S"s",  by  the  daily 
movement  of  the  sua,  wc  have  the  value  of  tlie  angle  S"  e  8'',  or 
b  m'  V ;  and  to  this  adding  360  degrees,  wc  obtain  the  angular 
movements  of  the  planets,  in  their  epicycles,  in  tlie  times  of 
those  revolutions ;  consequently,  by  proportion,  we  get  the  mean 
tinie»  of  lite  revolutions  through  the  exact  circumferences  of  the 
epicycles ;  whicli  are,  for  Venus  224.7 1  days,  and  for  Mercury 
B7.9((H  days ;  and,  again,  dividing  S(iO  degrees  by  tliese  times, 
the  results  will  be  1.6021  degrees  and  4.0023  degrees,  the  mean 
daily  movements  in  the  epicycles ;  these  last  are  cvideally  equal 
to  the  sum  of  those  above,  and  of  the  mean  daily  movement  of 
the  sun ;  and  the  periodical  times  just  found  agree  almost  exactly 
with  those  assigned  to  the  sidereal  revolutions  of  Venus  and 
MercuT)'  by  the  modem  a.stronomers.  The  Ibllowing  table  ex- 
lubiLs  the  ]>eriodical  times  and  tlie  mean  movements  of  all  the 
planets  according  to  the  theory  of  Hipparchus,  but  deduced, 
probably,  by  Ptolemy  himself;  for  the  latter  obsenes*  that 
Hipparchus  conlinod  his  investigations  chiefly  to  the  theories  of 
the  stui  and  moon ;  not  having  had  so  many  good  observations 
on  the  planets  left  to  him  by  the  ancients  as  he  left  to  tliose  who 
were  lo  follow  him. 

*  Alma^t,  Idb.  IX.  mp.  3, 
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CHAPTER  XII. 


IMPROVEMENTS   INTBODDCED   BY    PTOLEMY. 


Inatnimenli  invented  by  Ptolemy. — Sun  dials  and  depiydra  employed  for 
measuring  time.—  Ptolemy's  determinatian  of  the  preceuion.— Hit  catalogua 
of  itiin. — His  arguDienU  for  the  rotundity  and  immiibiliCy  of  the  earth.  — 
The  obliquity  of  the  ecliptic — The  length  of  the  tropical  year. — The  planet- 
ary orbits  represented  by  eixentric  deferents  and  epieydn. — The  solar 
orbit  according  tu  Ptulemy  the  latne  as  that  of  Hipparchus. — Formation  ol 
■  table  oTlhe  equation  of  time. — Element*  of  the  luuar  orbit  at  the  qwchof 
Nkbonauar.—DJKorery  of  the  necond  inequality  of  the  moon's  motion. — 
Inresiigation  of  its  value. — The  dioineten  of  the  homocantric  and  eccentric 
circles,  and  of  the  epicycle. —The  moon's  parallax,  and  diitaace  from  the 
earth.— Ptolemy's  lunar  theory  erroneous. 

The  researches  of  Ptolemy,  which  are,  chiefly,  contained  in  the 
Megale  Syntaxis  or,  a»  it  was  subsequently  called,  the  Alma- 
gest, relate  to  the  positions  of  tlic  fixed  stars,  the  It'nglli  of  the 
year,  and  tlie  elements  of  tlie  orbits  of  llie  sun,  moon  and 
planets;  so  that  tliis  work  couslilutes  a  general  treatise  on  as- 
tronomy, and  it  is  tJie  more  interesting  to  us  as  it  remained  the 
text-book  of  the  schools  bolh  in  the  East  and  in  Europe  till  the 
great  revolution  iu  the  science  took  place  by  the  promul(^tion  of 
the  system  of  Copernicus. 

The  instruments  of  observation  used  by  Ptolemy  or  his  con- 
temporaries ap|>ear  to  have  been  of  three  difierent  kinds :  he  de- 
scribes one  with  which  he  measured,  or  proposed  to  measure, 
the  zenith  distance  of  the  sun  and  the  obhquity  of  thu  ecliptic, 
and  which  seems  to  have  differed  little  from  the  meridional 
armilla?  of  Eratostlienes ;  it  consisted  of  two  rings,  one  move- 
able upon  the  interior  circumference  of  lite  oilier,  in  the  same 
plane,  which  was  that  of  the  meridian  ;  the  exterior  circle  was 
graduated  in  degrees  with  as  many  subdivisions  as  each  degree 
would  contain  and  the  other  carried  two  small  gnomons,  at  the 
extremities  of  a  diameter,  which  served  to  form  the  line  of  sight ; 
the  whole  instnmicnt  was  fixed  on  a  pedestal  and  its  vcrticity 
was  ascertained  by  a  plumb-line  suspended  from  the  top.     Pto- 
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lemr,  also,  describes  a  quadrant  wbich  he  says  may  be  made  d 
wood  or  stoDe  and  with  a  moveable  alidade  canring  ngbte; 
Eke  the  meridional  armilla  it  is  said  to  have  been  intended  to 
measure  zenith  distances  but,  probablv,  its  radios  was  made 
much  larger  than  that  of  the  last  mentioned  instrument  in  order 
to  afford  more  accurate  or  more  minute  subdivisions ;  and  it  is 
evident  that  these  two  instruments  must  hare  served  pre- 
cisely for  the  same  purposes  as  our  present  mural  circles  and 
quadrants. 

But  it  seems  that  neither  of  these  instruments  gare  the  zenidi 
distances  of  celestial  bodies  nith  the  degree  of  correctness  whidi 
was  then  thought  necessary,  and  Ptolemy  invented  another' 
which  the  second  Theon  afterwards  designated  the  parallactic 
rods :  this  consisted  of  a  pillar  placed  vertically  on  a  foot,  at 
the  upper  extremity  was  a  jpint  on  which  turned  a  long  ahdade 
carrying  the  two  sights,  and  these  were  circular  apertures  pierced 
in  two  plates,  probably  of  metal ;  one  of  the  apertures  was  recom- 
mended to  be  very  small,  and  the  other,  rather  larger  than  the 
^-isible  diameter  of  the  moon  in  perigeo,  evidently,  in  order 
that,  the  whole  disc  of  the  sun  or  moon  being  visible  within  it, 
the  position  of  the  line  of  collimation  might  be  nearly  free  6om 
error :  the  aUdade  was  kept  in  its  position,  when  directed  to  the 
celestial  body,  by  a  third  rod  which,  also,  turned  upon  a  joint 
in  some  part  of  the  vertical  rod  and  was  graduated  so  as  to 
sliew  the  angle  between  the  latter  and  the  alidade ;  that  is,  the 
zenith  distance  required :  as  the  graduated  rod  could  not  have 
been  very  extensive,  we  may  consider  that  this  instrument  an- 
swered, in  some  measure,  the  purpose  of  one  of  our  zenith 
sectors. 

Another  important  instrument  which  was  used  by  Ptolemy, 
and,  probably  also,  by  Hipparchus,  was  an  astrolabe  for  taking 
the  distances  in  longitude  between  the  sun  and  moon,  or  be* 
twecn  the  moon  and  a  star.  It  consisted  of  two  rings  fixed  at 
right  angles  to  each  other,  one  in  the  plane  of  the  ecliptic  and 
the  other  in  that  of  the  solstitial  colure ;  to  these  were  added 
two  other  rings  whose  planes  turned  about  the  axis  of  the  edip^ 
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tic  circle  so  as  to  furm  two  moTeuUe  circle^  of  celestial  longi> 
tude,  and  in  the  interior  of  one  of  these  was  auother  circle 
capable  of  turning  in  tlie  same  plane  as  that  to  which  it  vras 
applied  ;  this  carried  two  sights  diametrically  opposite  to  each 
other,  which  being  directed  to  a  celestial  body,  the  arc  of  the 
exterior  circle  intercepted  between  tlie  eehplic  and  eitlier  of  the 
sights  gave,  by  the  graduations  on  that  circle,  the  latilude  of  the 
body.  In  making  an  observation  fur  longitude,  one  of  tlie 
moveable  circles  was  directed  to  the  sun  or  moon,  liaving  been 
first  fixed  to  that  degree  of  the  ctliplic  circle  which  expressed 
the  known,  or  previously  computed  longitude  of  die  luminal^, 
by  which  mcaus  tlie  zero  of  tlie  graduations  on  the  ecliptic  circle 
was  mode  to  correspond  with  the  place  of  the  vernal  equinox  in 
the  hea\'ens ;  then  the  other  moveable  circle  of  longitude  was  di- 
rected to  the  second  celestial  body,  whether  tlie  moon,  a.  planet  or 
a  fixed  star,  and  Uie  arc  of  tlie  graduated  ecliptic  circle  between 
the  zero  and  the  moveable  circle  gave,  by  inspection,  tlie  longi- 
tude of  this  second  body.  It  appears  tliat,  on  tlie  eixcuinferetice 
of  the  solstitial  ring,  were  fixed  pins  in  two  diametrically  oppo- 
site points,  representing  the  poles  of  the  earth,  and  that  the 
whole  niacliine  revolved  about  the  axis  passing  through  these 
points,  which  was  placed  so  as  to  be  parallel  to  that  of  the 
earth.  From  the  nature  of  tlie  fractions  of  degrees  set  down  by 
Ptolemy,  in  staling  some  longitudes  of  the  sun  and  moon  taken 
by  tliis  astrolabe,  it  appears  that  the  ecliptic  ring  was  graduated 
into  thirds  and,  perhaps,  into  sixths  of  degrees,  but  nothing  in- 
dicates greater  miuutcneiss  of  subdivision.  A  dioptra  is  meu> 
tioned  by  Ptolemy  as  an  instrument  used  in  making  observa- 
tions, but  it  is  probable  tliat  it  merely  signified  a  tube  to  render 
vision  more  distinct  by  permitting  only  those  rays  of  hght  to 
enter  the  eye  which  come  directly  from  tlie  celestial  body ;  and 
it  may,  for  this  purpose,  liave  been  attached  to  the  ahdades  of 
some  of  the  amullic  or  of  the  parallactic  rods. 

'I'bere  is  reason  to  believe  that,  in  makin;;  astronomical  ob- 
tter^'utions,  the  ancients  used  to  contemplate  the  heavens  parti- 
cularly in  the  direction  of  the  meridian ;  since  we  find  in  their 
works  allusions  made  to  the  practice  of  descending  iaio  tlie 
earth,  in  order  that  they  might  have  a  view  of  the  stars,  aud  this 
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if  ivfioenijT  darp.  vxHddpcnnt  the  pjim  ti  and 
stars  to  be  seen  in  the  dar-tiiBe;  and,  if  laaife 
in  the  plane  of  the  romdian.  mmld  be  «^  adapted  Ar  wit> 
dieir  trassiis  orer  Aat  pbaoe;  andL  coegeqocntly,  for 
immefhaldr.  wiih  insmnsents^  their  ngfat  aaccn- 
MODS  and  decfina2ioB&.  Yamns  aKthods  woe  adopted  br  tbe 
jBcieots  to  diminish  die  briDiaDcy  of  the  son^s  li^t  whcB  ob> 
serrations  w€t^  made  on  that  loniinaiT :  Anstotle  atateas^  that 
mirrors  were  used  in  his  time,  and  it  is  probable  that  these  were 
polished  plates  of  some  daik  sume :  Plc^emr  inibnns  ns  that 
ressels  of  ctfl  or  some  thick  liquor  weie  emploTed  tar  Tiewing 
eclipses  of  the  smu  and  Seneca^  mentkms  the  nse  of  a  smoked 
g^ass  far  a  like  parpo«e. 

The  knowledge  of  the  hour  at  which  anj  phenomenon  oc- 
ctured,  or  any  obsenation  was  made,  is  of  the  utmost  import* 
ance  in  astroDomv ;  and«  therefoie,  it  will  be  pnqver  to  add  to 
the  abore  description  of  tbe  ancient  instruments  for  measuiing 
angles  some  accounts  of  the  first  inrentions  far  ascertaining  the 
divisions  of  the  daj  and  night.  We  hare  mentioned  in  the  third 
chapter^  that  the  gnomon  might  hare  been,  from  tbe  earliest 
timesy  employed  as  a  sun-dial,  and  VitruTius  relates^  that  in- 
struments had  been  constructed  by  Eudoxus,  Aristarchus  and 
others,  for  exhibiting  the  hour  of  the  day ;  of  these,  the  sea- 
phium,  or  boat,  and  the  discus,  both  of  which  are  said  to  bare 
been  invented  by  Aristarchus,  appear  to  be  the  most  ranple;  the 
first,  which  was  in  tlic  form  of  a  hemispherical  cup,  was  pro* 
bably  placed  so  tliat  its  rim  lay  in  a  horizontal  )K>sation,  and 
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the  object  which  cast  ihc  shadow  might  bo  a  horizontal  bar 
forming;  a  (tiaincter  to  the  instrument  and  placed  in  the  diieo- 
tion  of  the  meridian ;  then  the  concave  surface  being  di^-ided  into 
tn'elve  «c|ual  parts,  by  semicircles  having  the  bar  for  a  common 
diameter,  the  shadow  of  this  would,  at  all  seasons  of  the  year, 
divide  the  day,  between  sunrise  and  sunset,  into  twelve  equal 
parts,  or,  as  they  were  then  called,  temporary  hours,  which,  for 
civil  pnrposcs,  seem  to  liave  been  generally  used  among  the 
ancients,  though  attended  willi  tliis  inconvenience  that,  in  dif- 
ferent seasons,  the  hours  are  of  difibrent  lengths.  The  discus 
may  have  been  an  equatorial  or  horizontal  dial  in  the  form  of  a 
circular  plate,  as  its  name  implies. 

But  Vitruvius  informs  us*  that  a  certain  Berosus  had  in- 
vented, or  introduced  into  Greece,  a  dial,  which  he  describes  as 
a  aemidrcle  cut  irom  a  square  and  inclined  according  to  the 
climate :  "  Heinicyclium  excavaiu-m  ex  quadrato,  ad  enclima- 
qtte  succUum" i  and  it  is  probable  that  ibe  dial  discovered  by 
Stuart  on  tlie  south  side  of  the  Acropolis  at  Athens  is  of  this 
kind.  From  tlic  account  giveu  of  it  in  the  second  volume  of 
Uie  Anliquilies  of  Athens,  it  appears  to  be  a  block  of  stone  so 
excavated  as  to  have  the  appearance  of  one  end  of  a  boat  cut 
asunder  transversely ;  the  upper  surface  of  the  stone  is  hori- 
zontal, but  the  front  is  cut  in  a  plane  which  probably  was  in- 
tended to  be  parallel  to  that  of  the  equator,  and  this  seems  to 
be  what  is  meant  by  the  expression  ad  eiicltma,  in  Vitruvius  ; 
but,  if  the  measures  given  by  Stuart  are  correct,  its  declina- 
tion from  a  vertical  line  is  only  30"  »?',  which  indicates  a 
latitude  about  Ij  degree  southward  of  Athens :  the  concave 
surface  of  the  excavation,  which  is  not,  indeed,  spherical,  but 
in  the  form  of  a  portion  of  an  hyperboloid,  is  divided  into 
twelve  equal  portions  by  the  hour  lines ;  these  diverge  from 
the  vertex  of  the  concavity  and  cut  the  section  of  its  super> 
ficies,  made  by  the  inclined  face  of  the  stone,  in  as  many 
equal  parts.  The  object  which  cast  the  shadow  is  supposed  to 
have  been  a  horizontal  bar  coinciding,  in  position,  with  the 
axis  of  tlie  h_\*|»erboloid,  in  which  case,  as  in  ihe  scaphium,  by 
the  arrival  of  the  shadow  at  the  diffcrcul  hour  hues,  the  day. 
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between  soniue  and  nmKt  woold,  in  al  mman^,  be  dEvicU 
into  twelve  equal  paru.  Upon  die  concnte  smfiioe  me  abo 
drawn  two  curres  in  planes  paiaDd  to  the  equator,  wbkk 
Stuart  suppoRes  to  represent  the  paths  of  the  shadows  cast  bj 
the  extremity  of  the  bar  on  the  days  of  the  cqniiiozes  and  cf 
the  winter  solstice,  the  extremity  of  the  ezcaTation,  on  the 
front  of  the  instrument,  representing  the  path  on  the  day  of 
the  summer  solstice. 

Dials  of  this  kind  seem  to  have  been  Yeiy  genenDy  osed  by 
the  ancients ;  Cicero,  in  a  letter  to  a  friend,  proposes  to  send  one 
to  his  villa,  and,  in  1746,  such  a  dial  was  discovered  in  the  mins 
at  Tivoli  which  are  supposed  to  be  those  of  his  Tuaculan  seat; 
several  others  have  been  since  found  in  Italy,  and,  in  1762,  aae 
was  obtained  from  the  ruins  of  Pompeii  similar  to  that  above 
described  but  wanting  the  tropical  curves,  or  those  which 
represent  the  paths  of  the  shadow  on  the  days  of  the  equinoxes 
and  solstices ;  its  concavity  is  not  spherical  and  the  hour  lines 
are  not  equally  distant  from  each  other,  but  Newton,  the  com- 
mentator on  Vitruvius,  ascertained  by  trial  that  the  planes  in 
which  they  lie  make  equal  angles  with  each  other ;  and,  conse- 
quently, that  the  divisions  of  the  day  were  equal,  as  weD  in 
this  dial  as  in  the  others :  the  face  of  the  dial  declines  from  the 
plane  of  the  prime  vertical  about  31  degrees,  which  is  the  position 
of  the  equator  near  Alexandria  in  Egypt,  and  it  is  possible  that 
it  may  have  been  brought  from  that  countiy  to  Rome. 

Ihc  most  interesting  example  of  the  ancient  practical  gno- 
monics  is  exhibited  in  the  dials  on  the  faces  of  the  Tower  of 
the  Winds  or,  as  it  is  caUed  by  Varro,  the  Tower  of  the  Clock, 
at  Alliens,  of  which  a  description  is  given,  in  the  first  volume 
of  the  Antiquities  of  that  city,  by  Stuart  This  edifice  is  be- 
lieved to  be  at  least  as  old  as  the  time  of  Alexander,  and  seems 
to  have  been  expressly  made  to  contain  a  clepsydra,  or  clock 
for  shewing  the  hours  by  the  flowing  of  water  through  an  ori- 
fice ;  it  isLof  an  octangular  form,  the  faces  are  opposed  to  the  four 
cardinal,  and  the  four  intermediate  points  of  the  horizon,  and,  on 
each  face  are  the  hour  lines  proper  for  a  vertical  sun-dial  having 
that  ()articular  uspect.  These  may  not  be  of  the  same  antiquity  as 
tlie  tower  itself,  and  the  silence  of  Vitruvius  concerning  tliem  is 
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ail  argitincnl  iu  fAvoiir  of  tlie  ujiuiion  Uiat  Otey  wese  executed 
BiHcc  hib  lime ;  but  this  is  not  conclusive,  oiitt  it  is  observed  by 
Delatnbre'  that  there  is  nothing  iu  their  construction  which  toay 
not  be  referred  to  the  age  of  Uijiparchus.  The  gnomons  of 
ull  the  dials  are  warning,  but  there  remain  the  holes  by  wliich 
llicy  were  attached  Iu  the  walls.  From  the  measurements 
given  by  Stuart,  Delambre  has,  by  compuUition,  verified  the 
construction  of  tlie  five  principal  dials ;  lie  finds  that  the 
linos  represent  die  temporary'  huiurs,  or  Uie  equal  division  of 
the  day  from  sunrise  to  sunset,  and  tliat  they  are  traced 
with  remarkable  correctness ;  but  those  on  tlic  north-cast  face 
are  the  least  so,  in  which  he  considers  Ute  artist  excusable 
because  a  small  error  in  the  graphical  operation  would,  in 
a  dial  so  sitaate<l,  sensibly  derange  the  positions  of  the  hour 
lines.  From  the  construction  of  the  east  dial,  the  latitude  of 
the  place  appears  lo  have  been  assumed  to  be  87°  i30' ;  but 
modem  observations  make  tliat  of  Athens  equal  to  37°  68', 
and  it  is  probable  tliat  great  accuracy  in  tiiis  element  was 
not  attempted  by  the  artist. 

Instruments  for  measuring  lime  by  the  motion  of  the  sun  must 
of  course  have  been  useless  by  night,  or  under  a  cloudy  sky  ; 
and  it,  consequently,  then  became  necessary  lo  obtain  the  hour 
by  means  of  a  clepsydra :  according  to  Vitruvius ",  this  was  in- 
vented by  Ctesibius  of  Alexandria ;  and,  from  his  description, 
•it  is  evident  that  such  machines  tvero,  also,  made  to  divide  the 
day  between  sun-rise  and  sun-set  in  twelve  equal  parts,  ingenious 
contrivances  seeming  to  have  been  used  to  enlarge  or  diminish 
the  aperture  in  proportion  to  tlie  decrease  or  augmentation  of 
the  lengtlis  of  the  natural  days.  But  this  mode  of  division,  by 
which  the  hours  of  the  day  or  night  were  made  of  lengths  which 
vaiied  according  to  the  variations  of  the  seasons  was  attended 
with  great  inconvenience  to  the  practical  astronomer,  and  Plolcmy, 
or  rather  Ilipparcbus,  introduced  tlie  use  of  the  constant,  or  as 
they  were  called,  equatorial  hours  wliich  divide  the  jwriod  be- 
tween two  arrivals  of  the  sun  at  tiie  meridian  into  twenty-four 
equal  parts,  and  arc  very  nearly  of  ihc  same  length  in  all  seasons  ; 
and,  though  no  mention  is  made  of  them,  there  can  be  no  doubt 
*  Uiitoirc  de  rAttnmomie,  Tum-  II.  page  <8B.  *  Id  lot.  oU. 
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Uiat  both  Giin-dials  and  wat^r-uloclis,  exhibiting  this  (livisran* 
the  day,  were  constructed  in  their  limes,  in  order  to  avoid  Uk 
trouble  of  reducing  one  of  these  liinds  of  hour  to  the  other. 

Tlie  notices  given  by  Ptolemy  concerning  the  fixed  stan  sn 
contained  in  liie  seventh  book  of  the  Syntaxis  or  Almagest,  and 
the  most  important  among  tliem  is  that  relating  to  the  ic- 
trogradation  of  the  equinoctial  points,  which  he  determinus  from 
a  comparison  of  the  longitudes  of  two  of  the  stars,  observed  by 
himself,  with  those  of  the  stars  observed  by  Hipparchus. 
states  that  in  the  second  year  of  Antoninus,  (137  after  CI 
the  sun  being  at  the  point  of  setting  and  the  moon  visible, 
found  her  longitude  by  the  astrolabe,  in  the  manner  above 
scribed,  to  be  2*  5°  11' ;  half  au  hour  afleru'ardH,  the  sun 
set  and  the  star  Regidus  becoming  visible  eastward  of  tlie  i 
the  difference  of  longitude  between  tJiem  was  then  found  to  bo 
1'  27°  15';  but  tlie  increase  of  the  moon's  longitude  in  the  half 
hour  being  computed  at  15  minutes,  and  the  moon's  parallax  in 
longitude  being  found  by  com])utation  to  be  equal  to  5  minutes 
by  wliich  her  longitude  Mas  diminished ;  it  follows  that  tbo 
true  longitude  of  the  moon  at  tliis  time  must  have  been  S>  5°  21', 
and  adding  this  to  tlie  difference  in  longitude,  of  the  moon  and 
star,  above  found,  we  have  4'  2"  3ti  for  tlie  longitude  of  Kcgulus. 
But  Ptolemy  states  that,  in  the  fifUetli  year  of  the  third  Calipj 
period,  that  is  205  years  before  tlie  time  of  his  own  obsei 
tion,  Hipparchus  had  foimd  iJie  longitude  of  the  same  star  to 
3'  29°  50' ;  consequently,  in  the  interval,  the  equinoctial  points 
must  have  retrograded  as  much  as  2°  40',  which  is  equivalent  to 
37^  seconds,  or  as  Ptolemy  makes  it,  36  seconds,  annually. 
Now  we  have  seen  that  the  observations  of  Hipparchus  com- 
pared with  those  of  Timncharis  give,  for  tlic  annual  relrograda- 
tion,  a  quantity  between  42  and  59  seconds ;  and  if  the  loii 
lode  ae^gncd  by  Hipparchus  to  this  star  be  compared  with 
which,  according  to  the  Greenwich  Catalogue,  it  had  in  IS! 
tliat  is  4*  27'  19'  41" ;  it  «il]  appear  tliat  the  increase  of  life" 
star's  longitude,  in  the  ID-JS  years  which  had  elajised  from  tlio 
date  of  tbo  obwjrvation  of  Hippurchup,  amounts  to  27"  09' -ll'' ; 
conHcquenlly  tlie  annual  piecesttion  of  the  star  would  be  SQl' 
nearly  llio  saiuo  value  is  obtuiued  from  the  obseniUion  mads 
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HipparchuB  on  the  star  u  in  C:ini8  Major ;  and  both  tli«  tliAoiy 
of  gravitadon  and  the  decluctioiiH  made  ftom  tbo  more  accurate 
observations  of  modeni  times  coincide  in  indicating  AO'.l  fot 
the  mean  annual  value  of  the  preceesion. 

Phdemy  asserts  that  he  had  determined,  in  the  same  manner, 
the  longitude  of  Spica  \'irginis  and  had  olitained  from  thenc« 
tho  same  value  (36  seconds)  of  the  precession ;  and  Uiis  er- 
roneous value  he  employs  in  all  tlic  calculations  involving  that 
element.  Having  fixed  the  positions  of  these  stars  with  respect 
to  the  equinox  by  their  distances  from  the  sun,  as  above  described, 
Ptolemy  obtained  the  diiferences  of  longitude  between  those 
and  others,  and  their  latitudes,  by  direct  obtiervatioQS  with  his 
astrolabe ;  thus  he  formed  that  catalogue  which  he  has  consigned 
to  posterity,  and  which  has  been  of  bo  much  sen'ice  to  astrono- 
mers by  enabling  them  to  detect  the  changes  which  have,  since 
his  days,  taken  place  in  the  positions  of  the  stars  called  fixed. 
The  epoch  he  has  chosen  for  his  catalogue  is  the  beginning  of 
tlio  reign  of  Antoninus,  which  corresponds  to  the  year  135  of 
the  Christian  era,  and  to  that  he  has  reduced  the  longitudes  and 
latltudi-s  which  he  obtained  from  his  observations.  But,  on 
comparing  llie  longitudes  he  assigns  to  the  stars  with  those  in 
the  catalogue  of  Uipparchus,  it  api^ears  tliat  the  didbrenccs  be- 
tween them  are  such  as  would  result  &om  merely  augmenting 
the  latter  by  the  amount  of  the  precession  in  the  interval  of 
lime  chipsed  between  the  epochs  of  the  catalogues,  at  the  annual 
rate  of  30  sccondx  ;  now  this  is  unfortunately  incorrect  and  the 
uniformity  of  the  differences  has  given  rise  to  a  suspicion  Uiat 
Ptolemy  did  not,  actually,  malceany  observations  on  llieiixedstars, 
hut  merely  copied  tlieir  places  Irom  the  works  of  the  more  ancient 
astronomcT,  adding  to  the  longitude  of  each  star  tho  change 
caused  by  the  retrogradatiou  of  Uie  equinoxes  in  the  intervaL 
This  suspicion  appears  to  be,  however,  unfounded,  and  La  Place, 
on  the  supposition  that  the  longitudes  assigned  to  the  stars  by 
HipparchuB  arc  correct,  obsen-es  that  it  will  bo  possible,  from 
the  erroneous  determination  of  the  length  of  the  j-ear,  mad* 
both  by  Hipparchus  and  Ptolemy,  to  account  for  the  error  of  the 
latter  in  the  value  of  the  precession ;  for  the  length  of  the  year 
being  too  great  by  about  6  minutes,  the  daily  motion  of  the  aun 
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(did,  consequenlly,  at  any  given  lime,  his  distance  firom  tlie  cjnl- 
nox,  according;  tn  the  tables,  wouH  be  too  small ;  this  troiJd 
render  tlit;  longitudes  of  stars,  determined  by  Ptolemy  from  ob- 
servation, also  too  small,  seeing  that  they  were  obtained  by  an 
instrnnienl  adjusted  to  the  computed  place  of  tfie  sim ;  therefore 
the  change  in  the  longitudes  of  stars  at  a  given  iuten-al  rrom  die 
time  of  Hipparchus  and,  consequently,  the  annual  prcccswon, 
would,  necessarily,  be  less  than  it  ought  to  be,  Ptolemy  uscriltnl 
the  retrogradation  of  the  equiuocliaJ  points  to  a  movement  in 
the  eighth  sphere  and,  in  Uie  Almagest",  he  infoims  us  that,  to 
represent  this  sphere,  he  had  made  a  globe  on  tlie  surface  of 
which  he  marked  the  stars  with  <:hfferent  colours  accordiDglk 
their  magnitudes,  on  a  dark  gromid ;  the  ecliptic  be  say*  ilM 
traced  upon  it,  and  the  graduations  commenced  from  the  circled^ 
longitude  passing  tlirough  Sirius.  This  globe  must  have  been 
intended  for  popular  use,  and  the  manner  of  placing  the  zero 
of  the  longitudes  seems  to  have  had  some  relation  to  the  com- 
mencement of  the  agricnltural  year:  in  his  catalogue  of  stars  tbo 
longitudes  are  reckoned  from  the  vernal  equinox. 

In  speaking  of  the  earlli,  Plolemy  repeals  the  arguments 
long  before  his  time  to  prove  its  form ;  he  infers  its  com 
fiom  the  fact  that,  when  a  ship  recedes  from  a  spectator 
shore,  the  lop  of  the  mast  ajipears  to  descend  till  it  gets  below 
the  circle  bounding  his  view,  and  its  sphericity  is  demimKtntnl 
from  the  magnitudes  of  the  circles  which  the  stars  deacribe  by 
their  diurnal  motion:  he  shews  that  these  circles  are  dilfercnl 
from  those  which  would  be  observed  if  the  i-artli  had  been  a 
plane  surface  or  a  polyhedral  body ;  and  he  adds  that  the 
and  8j>here  are  the  most  proper  figures  for  motion  bMatise 
contain,  respectively,  the  greatest  area  and  solidity  within 
perimeter  and  snjierficies.  Ptolemy  afterwards  contends  that  tibe 
earth  is  at  the  centre  of  tlie  universe,  compared  with  which,  be 
says,  it  is  but  a  point ;  he  denies  tlie  posabihly  of  its  having  a 
movement  of  translation  or  rotation  because,  he  observes,  alt  th* 
boches  on  its  siirihce  woidd  be  thrown  from  it  into  space;  and 

would  follow,  he  think'*,  that  no  cloud,  bird  or  projected 
could  advance  towards  the  east  because  it  would  be  left 
•  I.iK  vtn.  c»p.  3. 
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\>y  the  superior  velocily  of  Uie  earth  in  the  earae  direction.  It 
is  remarkable  that  litis  opinion  should  liave  so  lung  prevailed 
among  the  ancients,  for  it  could  hardly  have  escaped  observa- 
tion that,  when  a  ship  is  saihug,  even  with  the  utmost  rapidity ; 
the  motion  of  any  object  thrown  from  the  hand  of  a  person  on 
board  is  ueitlier  retarded  wlien  in  the  same  direction  as  that  of 
the  ship's  motion,  nor  accelerated  when  in  the  contrarj-  direction ; 
and  the  reason  is  that  the  original  impulse  is  eompounded  of  the 
projectile  force  and  that  residting  from  the  movement  of  the  sliip 
and,  therefore,  relatively  to  the  ship,  a  projected  body  moves  as 
if  Uie  ship  were  at  rest :  llie  composition  and,  resolution  of 
motions  may  not  have  been  understood  in  tliose  days,  but 
the  circumstance  above  related  must  have  been  known,  and 
it  would  be  very  natural  to  infer  that  the  patlis  of  bodies 
projected  from  llie  earth  were,  in  like  maimer,  unaSected  by  its 
tnoUou.  Vlolemy,  moreover,  alleges,  in  support  of  his  opinion 
of  the  quiescence  of  the  earth,  that  it  would  be  contrary  to  na- 
ture for  such  a  heavy  body  as  tlie  latter  to  be  endowed  with 
motion,  and  the  celestial  bodies  be  at  rest ;  tlioiigh  he  grants 
that  a  movement  of  rotation  in  tlie  earth  would  facihtate  the  ex- 
planation of  many  celestial  phenomena.  The  same  philosopher, 
or  his  commentator  Theon,  seems  to  admit  the  existence  of  Anti- 
podes for,  in  speaking  of  certain  phenomena  of  the  heavens,  the 
latter  sliews  how  they  would  be  modified  with  regard  to  a  people 
so  situated. 

In  the  first  hook  of  the  Almagest  Ptolemy  gives  the  result  of 
his  researches  on  the  subject  of  the  obliquity  of  the  ecliptic  to 
the  equator  of  the  earth,  an  element  admitting  of  determination 
from  Uie  simplest  obscnations  which  enter  into  Uie  practice  of 
astronomy ;  and  it  appears  that,  hke  Eratosthenes,  he  ascertJUned 
the  double  obliquity  by  taking  the  difference  between  the  ob- 
served zenith  distances  of  the  sun  on  the  days  of  the  summer 
and  winter  solstices :  be  makes  this  diflerence  equal  to  some- 
thing between  47f  degrees  and  47^  degrees,  a  mean  of  which  is 
47°  42'  30",  diSering  scarcely  10  seconds  from  the  quantity 
found  by  Eratosthenes  ;  tliougli  from  what  wo  now  know  of  the 
progressive  diminution  of  Uiat  obliquity,  Uie  difference,  in  the 
interval  between  the  times  of  the  two  astronomers,  should  have 
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t>eeD  equal  to  about  S)  minutes :  it  is  easy,  ]k>wctw,  la  concA 
that  )u>  small  a  quantity  would  bo  incapable  of  dclectioD  by  sM 
instruments  a»  Ptolemy  describes ;  this  uncertainty  is,  cona 
<|U(nil]y,  cxcuaable,  but  it  is  very  remarkable  that  he  slioiild  bm 
committed  an  error  of  about  15  minutes  in  the  zenith  distana 
of  the  sun,  on  the  occasion  of  dctenuining  the  latitude  of  AJei 
andria,  which  he  miikes  equal  to  30'  58"  north,  whereas  it  is  001 
kuonii  to  be  31°  13' ;  and  this  city,  being  liis  place  of  obsercatioi 
should  hare  had  its  geographical  posiUon  determined  with  tb 
utmost  possible  accuracy  because  of  the  frequency  with  wfawj 
tliat  element  enters  into  his  astronomical  computations.  Ill 
greatness  of  iJie  error  seems  to  justify  the  opinion  that,  whalera 
might  be  the  merits  of  Ptolemy  as  a  discoverer  and  calculatoi 
he  has  small  claim  to  that  of  an  accurate  observer ;  indeed  it  | 
probable  enough  tliat  he  did  not  much  attend  to  this  part  of  tfa 
science  and,  even,  tliat  he  frocjueutly  used  witliout  enquiry  t^ 
results  of  observations  which  had  been  made  by  other  person) 
perhaps,  previously  to  bis  own  lime.  ^ 

The  duration  of  the  tropical  year,  or  the  iuterral  betweeu  U| 
times  of  the  sun's  return  to  the  some  equinox  or  solstice,  is  lk| 
next  element  of  importance  in  astronomy,  and  Ptolemy  immedl 
ately  proceeds  to  ascertain  it  or,  rather,  to  verify  the  dctormia 
aliens  of  Hipparchus  with  respect  to  it.  The  method  he  pursiu 
is  the  same  as  that  employed  by  the  latter  astronomer,  one  a 
whose  observations  he  makes  uao  of  for  the  purpose ;  this  is  tb 
time  of  the  arrival  of  the  siuj  at  the  vernal  equinox  in  tlie  lluity 
second  year  of  llie  third  Calippic  period,  corresponding  to  lb 
year  17)^  from  the  death  of  Alexander,  or  the  year  I4A  bcfon 
Christ,  iu  the  morning,  (probably  at  suiuisc}  of  the  twcnty-sevend 
day  of  the  montli  Mochir,  which  Is  the  sixth  of  ttic  Egyptiai 
year;  and  he  compares  this  observation  nith  one  of  the  sam 
kind  made  by  himself  in  the  year  463  from  the  death  of  A]exa» 
der,  at  an  hour  after  noon  on  tiic  seventh  day  of  the  lao&tl 
Pachou,  which  is  the  ninth  of  tlie  Egyptian  year.  Now  tbt 
year  consisting  of  365  days  exacUy,  and  being  divided  into  tvelfi 
months,  of  thirty  days  each,  besides  the  fiveepagumme,  oreoiBi 
plemenUuy  days,  and  Llic  day  commcncuig  at  noon,  wo  har^ 
for  the  time  of  the  equinox  obsurvcd  by  Hipparchus,  rsckonbli 
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from  the  death  of  Alexander,  178  years,  176  days  and  18  hourB, 
and  for  ihe  time  of  that  obsened  by  Ptolemy,  rcclioninp  from 
the  Bume  ejioch,  463  years,  247  days,  1  hour,  so  Uiat  the  interval, 
in  years  of  365  days  cat  h,  is  286  years,  70  days,  7  hours  ;  there- 
fore, dividing  the  70  days,  7  hours,  or  70.291667  days,  by  285, 
the  complete  number  of  years,  the  quotient  in  0.246638  day, 
and  the  length  of  the  year  is  equal  to  363.246638  days,  which  is 
the  same  as  that  assigned  by  Hipparchus,  and  differs  from  the 
truth  by  about  6  minutes  iii  excess.  Ptolemy  obtains  the  same 
result  from  a  comparison  of  another  equinox  observed  by  Hip- 
parchus  with  one  obser\'ed  by  himself  j  and,  again,  from  a  com- 
parison of  the  lime  of  a.  solstice  observed  by  Meton  and  Eucte- 
moD,  at  Athens,  in  the  year  316  of  Nabonasser  (43!  years  Before 
Christ)  witli  one  obsened  by  himself  in  "the  year  463  from  the 
death  of  Alexander  {the  year  140  of  our  era) ;  but  this  exact 
agreement  in  the  three  results  has  excited  a  suspicion  of  the 
reality  of  the  observations  which  is,  certainly,  better  founded 
than  that  relating  to  his  obt»en'ations  on  the  fixed  stars.  For 
it  is  remaHced  by  Bailly  that  an  error  of  six  minutes  in  the 
length  of  the  tropical  year  resulting  from  a  comparison  of 
observations  distant  from  each  other  in  time  as  much  as  285 
years,  corresponds  to  an  error  of  15  hours  in  the  time  of  each 
equinox ;  but  he  considers  that  so  great  an  error  is  not  likely  to 
have  occurred  in  any  actual  obscri'ation,  since  tlie  time  of  the 
arrival  of  the  sun  at  the  equinox  can,  always,  be  estimated  n-ilhin 
six  botu^ ;  and  he,  thorefore,  conehides  tliat  Ptolemy  had,  while 
pretending  to  verify  it,  only  repeated  the  determination  of  Hip- 
parchus.  Both  astronomers  differ  but  little  from  the  modems  in 
the  length  they  assign  to  the  sidereal  year. 

Dividing  360  degrees  by  the  length  of  the  tropical  year  above 
found,  Ptolemy  obtained  the  mean  daily  motion  of  the  sun; 
and,  hence,  computed  a  table  of  the  mean  movements  for  years, 
montlUi  days  and  hours.  The  epoch  is  fixed  at  the  first  year  of 
Nabonasser,  which  coincides  with  the  year  747  before  Christ. 

Ptolemy  professes  *  to  adopt  the  ideas  of  Plato  respecting  the 
circular  and  uniform  movements  of  the  snn,  moon  and  plancta  ; 
and  he  considers  that  the  apparent  variations  firom  that  uniform- 
ity are  caused  by  the  positions  of  the  circles  composing  those 
'  Armagwl,  Lib.  IX.  (\p.  2. 
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Spheres  which,  he  observes,  the  imaginntioM  ha*  conceited 
ike  heavens :  an  expression  proTing  that  he  did  not  understsiKl 
the  planetary  spheres  lo  be  uiaterial,  as  has  been  IrequcDtijr 
supposed ;  and  though,  in  another  place,  he  says  the  sphcm 
perform  their  revolutions  in  lUrectJons  contrary  to  tliat  of  ifar 
fixed  stars  and  about  difTereut  poles,  it  is  slill  probable  that  hs 
considered  such  poles  and  splieres  to  have  btit  an  )iypi>tb< 
existence.  Plolemy  adds  that  the  rariations  in  tlie  plant 
movements  may  he  ex]}iained  either  by  the  system  of  epicy 
or  by  tbat  of  eccentric  orbits,  but,  in  his  investigations,  be 
invariably  combined  the  two. 

The  solar  theoiy,  as  exhibited  by  Ptolemy,  appealing  tol 
identical,  iu  tlie  values  of  the  elements  and,  probably,  in 
mode  of  investigating  tbem,  with  that  previously  pi 
by  Hipparchus,  we  have  considered  it  proper  to  give  thi 
planalion  of  this  theory  in  our  account  of  the  works  of 
great  aslronomer;  and  we  have  now  merely  lo  observe, 
neither  Hipparchus  nor  Itoleiny  take  any  notice  of  the  nn 
ment  of  the  solar  apogeum  in  space ;  it  would  seem,  tli< 
tliat  both  of  them  supposed  it  to  have  always  the  same  poi 
with  respect  to  Uic  fixed  stars,  which  would  imply  that  it  bad  • 
motion  equal,  and  in  a  contriiry  dircctiou,  to  that  of  the  equi- 
noetial  points.  Now  the  movement  of  the  apogeum  in  one  ye«r 
is  known  to  be  about  C2  seconds  in  that  contrary  direction; 
consequently  it  moves  forward,  or  from  west  to  east,  12  seconds 
in  the  same  time,  with  respect  to  the  fixed  stars ;  and,  in  ibe 
interval  which  had  elapsed  between  tlie  times  of  Hipparchus 
and  Ptolemy,  llic  apogeum  must  have  advanced  iu  longitnil* 
about  48j  minutes,  which,  necessarily,  vitiates  the  values 
signed  by  Ptolemy  to  the  sun's  anomaly :  and,  as  a  comp) 
of  the  place  of  the  sun  given  by  the  tables,  for  any  partii 
time,  with  the  place  foimd  by  obsen'alion  at  the  same  tinw, 
would  have  shewn  the  errors  of  tlie  tables ;  il  is  evident  Ibat  the 
astronomers  of  that  day  must  hove  neglected  to  verify  lie  thooiy 
by  making  such  compoiisonS,  or  must  have  disregarded  the  dificr- 
ences  which  they  may  have  detected,  ^^1len,  by  the  solar  theoty, 
the  sun's  daily  longitude  coidd  be  ascertained  by  computMtOD; 
Uie  obliquity  of  llic  ecliptic  (o  the  equator  having  been  also  found, 
as  we  have  shewn;  the  ndes  of  spherical  trigonometry,  which 
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were  known  in  Utc  times  of  Hipparchus  and  Floleiny,  enabled 
IhoHG  flslronomcrs  to  calculate,  also,  tlie  sun's  daily  right  ascen- 
sion and  docTinatiou ;  and  these  three  elements  probably  entered 
into  the  first  ephemerides  which  were  published. 

The  length  of  the  apparent  astronomical  day  and  the  c 
of  its  vftriations  are  supposed,  as  wc  have  obsen-ed,  to  have  been 
well  linown  to  Hipparchus ;  but  Ptolemy  appears  to  have  been 
the  first  who  fonncd  a  table  of  those  variations  for  the  purpose 
of  readily  reducing  any  given  interval  expressed  in  apparent,  to 
ihe  value  of  the  same  intcnal  in  mean  solartime,  or  the  ci 
He  adopts,  for  the  lengtli  of  a  mean  solar  day,  Ihe  time  in  which 
a.  point  of  the  celestial  equator  would  revolve  about  tlio  earth, 
llirough  tlie  entire  circumference  of  a  circle  and  as  much  more 
as  is  equal  to  an  arc  which  measures  the  aim's  mean  daily  mo- 
tion in  right  ascension,  or  in  longitude  ;  and  he  shews  tliat  the 
true  Bolar  day  is  equal  to  the  time  in  which  the  sun  revolves 
about  the  earth  Uirough  the  circumference  of  a  circle  and  as 
much  more  as  is  equal  to  an  arc  which  measures  the  sun's  true 
■movement  in  right  ascension  in  ihe  interval ;  evidently  therefore, 
the  difference  between  the  true  daily  motion  of  the  sun  in  right 
ascension,  for  a  given  day,  and  the  mean  daily  motion  either 
in  longitude  or  in  right  ascension,  must  be  the  difference  between 
the  lengths  of  the  apparent  and  mean  solar  days ;  and  these  be- 
ing found  for  m-cry  day  of  the  year,  by  continual  addition  the 
4able  of  the  daily  equation  of  time  was  Ibnned.  It  Is  not  likely 
diat  this  important  element  shoidd  have  escaped  the  notice  of  so 
acute  a  philosopher  as  Hipparchus ;  and,  as  Hclambre  observes, 
since  Ptolemy  no  where  mentions  tliat  the  former  had  neglected 
to  apply  the  correction  in  his  researches,  llicre  can  be  no  doubt 
ihat  he  was  fully  acquainted  with  ite  cause  and  the  rule  by 
which  it  might  be  computed. 

In  tlio  fourth  book  of  the  Almagest.  Ptolemy  explains  the 
theory  of  the  moon,  a  subject  which  has  always  presented  great 
difficulties  to  astronomers,  from  the  many  perturbating  causes 
which  have  sensible  effects  on  her  movements,  and  which,  till 
lately,  were  very  imperfectly  known.  We  have  shewn  that  Hip- 
parchus had  determined  the  radius  of  the  moon's  epicycle  or, 
BB  we  should  call  it,  the  eccentricity  of  her  orbit,  the  n 
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equation  of  her  centre  md  die  place  of  lier  mpogeaau  all  vladh 
elemenU  were  then  consdered  as  eaostant  <|Miiiiifirii :  with  de 
knowledge  of  these,  and  of  the  serenl  aaem  ■win  ia<imi  of  the 
Moon,  Ftolemv  detenmoed  that,  at  the  epoch  of  XabooasHi; 
irhich  is  fixed  at  the  noon  at  the  fint  day  of  October  in  the 
jear  747  Before  Christ,  the  moon^s  hngitnde  vas  1'  11*  S?; 
her  anomaly,  8*  28'  49";  the  difference  of  ioiigitiide  betveei 
the  son  and  moon,  2*  1(K  37 ',  and  the  pboe  of  the  ^g^'^tM^g 
node,  10*  24''  23'.  These  elements  consmnied  the  basis  of  the 
lunar  tables  then  in  use,  and  ther  seem  to  have  been  detcnniDed 
entirely  from  the  data  fiimished  by  the  researches  of  Hipparchvs^ 
though  it  may  be  that  Ptolemy  had  rerified  or  corrected  by  new 
comparisons  the  results  established  by  the  former  astronomer: 
on  one  occasion,  however,  he  has  not  been  fortnnate,  for,  com* 
paring  an  eclipse  observed  at  Babylon  in  the  year  491  Before 
Christ  with  one  said  to  have  been  observed  by  himself  above 
615  years  later,  the  moon  being,  at  both  times,  at  equal  distances 
from  the  opposite  nodes,  he  has  deduced  a  value  of  the  mean 
diurnal  motion  with  respect  to  the  nodes  differing  from  that  given 
by  Hipparchus  and,  in  consequence,  he  has  applied  a  coirectiaQ 
to  that  motion  which  increases  the  error  previously  existing. 

The  equation  of  the  moon^s  centre  or,  as  it  u  also  caOed,  the 
principsJ  inequality  of  the  moon,  was  ascertained,  as  we  have 
shewn,  by  comparing  the  mean  place  of  that  luminary  with  its 
true  place  at  the  time  of  an  eclipse ;  and  the  correction  so  found 
was  probably  considered  by  Hipparchus  to  hold  good  when  the 
moon  is  in  any  situation  with  respect  to  the  sun ;  but  we  are 
indebted  to  Ptolemy  for  the  discovery  of  the  fact  that  it  is  only 
applicable  when  she  is  in  syzygy ;  he  perceived  that,  then,  her 
place,  found  by  direct  observation,  agreed  very  nearly  with  that 
•obtained  from  the  tables^  the  error  being  only  such  as  might, 
witli  great  appearance  of  -probability,  be  ascribed  to  the  imper- 
fection of  tlic  instruments  or  to  some  unceilainty  in  the  value  of 
the  moon^s  parallax :  it  might  have  been  remarked,  also,  that  the 
observed  and  calculated  places  agreed  nearly  when  the  moon 
was  dichotomised,  provided  she  were  in  the  apogeum  or  pe* 
rigcum  of  the  epicycle,  because  there  is,  then,  no  equation  of 
lhe4!cntre ;  but  in  every  other  situation  of  the  moon,  the  places 
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differed,  and  Ptolemy  found  the  error  to  be  the  greatest  when 
the  moon  was  in  quadrature  upon  the  e])icycle ;  that  is,  when 
her  anomaly  was  about  90  degrees :  the  observed  longitude  was 
less  than  that  given  by  Uie  tables  when  the  prostapheresis,  or 
the  former  equation,  was  subtraclive,  and  greater,  when  additive ; 
find  he  found  that  the  error  was  nearly  proportioital  lo  the  equa- 
tion itself.  Hence  Ptolemy,  in  order  to  explain  this  second 
inequahly  of  motion,  was  led  to  suggest  the  following  modifica- 
lion  of  the  lunar  system. 

He  supposes  b  (Plate  II.  fig.  4)  to  be  the  earth  or  centre  of 
the  universe ;  about  E  as  a  centre  he  imagines  a  circle,  c  C  c",  to 
be  described  on  whose  circumference  moves,  in  retrograde  order, 
or  according  to  the  order  of  those  accented  letters,  the  centre  of 
another  circle  called  the  eccentric,  having  its  radius  equal  to  the 
mean  distance  of  the  moon  from  the  earth ;  let  a  d'  be  one  posi>- 
tJon  of  this  circle  and  a'  O  another ;  and,  on  the  circumference  of 
the  eccentric  let  the  centre  of  tlie  epicycle  move  in  direct  orde», 
or  from  A  towards  d'.  Now,  in  consequence  of  the  movemont 
of  the  centre  of  the  eccentric,  the  apogeum,  A,  of  the  same 
eccentric,  moves  in  retrograde  order,  or  from  A  towards  D,  as  if 
it  moved  upon  the  circumference  of  a  circle  imagined  to  pass 
through  A,  D  and  G,  and  having  E  for  its  centre ;  and  the  centre 
of  the  epicycle  seems  to  move  upon  the  periphery  of  an  ovtl 
figure,  as  A  .\'  G. 

Tlie  sun,  s,  is  supposed  to  revolve  about  e  with  his  proper 
motion,  in  direct  order ;  the  moon,  to  revolve  in  her  epicycle,  in 
the  same  manner  with  her  mean  anomalistic  velocity ;  and  the 
mean  syzygies  take  place  whenever  the  centre  of  the  epicycle  is 
in  the  line  joining  K  and  s :  now  the  daily  movement  of  the 
apogeum  of  the  eccentric,  from  a  towards  d,  is  supposed  to  he 
equal  to  11"  12";  and  tlie  moUon  of  the  centre  of  the  epicycle  is 
supposed  to  be  13°  1 1'  daily  (the  mean  daily  motion  of  the  moon 
in  longitude)  from  A  towards  d'  ;  hence,  the  sum  of  these  move- 
ments is  a  daUy  angular  velocity  about  e,  equal  to  24°  23',  by 
which  the  centre  of  the  epicycle  recedes  from  the  apogeum  of 
the  eccentric,  and  this  is  equal  to  twice  the  mean  synodical 
movement  of  the  moon :  therefore  tlie  excess  of  the  velocity  of 
the  centre  of  the  epicycle  above  that  of  the  apogeum  of  the 
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eccentric  will,  in  half  a  synodical  revolution  of  the  moon, 
these  points  to  come  in  conjunction,  so  that  a  line  joining  that 
will  pass  through  the  earth :  and  if  the  sun  was  in  the  direcboB 
of  the  same  two  points,  as  at  s,  at  the  conunenceitacnt  of  the 
motion,  it  will  again  be  in  a  line  drawn  through  them,  as  at  ^, 
at  the  end  of  that  time ;  the  ang^e  s  £  s"  being  equal  to  tlt^t  de- 
scribed by  the  sun  in  the  said  half  synodical  revolution.  In  like 
manner,  the  apogeum  of  the  eccentric,  the  centre  of  the  epicycle 
(or  the  mean  place  of  the  moon),  and  the  sun,  will  be  in  a  line 
passing  through  the  earth  at  the  end  of  a  complete  synodical 
revolution  of  the  moon.  By  this  hypothesis  the  centre  of  the 
epicycle  is  always  brought  to  the  apogeum  of  the  moveabk 
eccentric,  that  is  to  the  same  distance  from  the  earth  at  the 
times  of  syzygy ;  and  this  being  the  constant  distance  supposed 
by  Ilipparchus,  it  follows  that  the  equation  of  the  moon's  centre 
is,  then,  the  same  as  he  made  it,  whatever  part  of  her  epicycle 
the  moon  be  in ;  and  if  she  be  at  the  quadrature  of  the  epicycle, 
as  at  M ;  that  is,  if  her  anomaly  be  90  degrees,  the  equation  in 
that  position  of  the  epicycle,  is  the  greatest,  and  it  was  found, 
by  the  last  mentioned  astronomer,  to  be  equal  to  4^  59'  2'\  as 
wc  have  shewn,  tliough  Ptolemy  makes  it  5°  1'. 

But  in  tlie  same  hypothesis,  at  the  times  of  syzygy^  the  moon 
in  her  epicycle  is  always  in  the  line  joining  the  sun  and  earth, 
or  in  that  Unc  produced ;  the  major  axis  a  o  of  the  oval  figure 
aa'g  is  always  directed,  eitlier  accurately  or  nearly,  to  the  snn, 
at  the  same  time ;  and,  hence,  we  may  suppose  that  figure  to 
revolve  about  £  with  a  movement  equal  to  that  of  the  sun :  it 
follows  that  the  moon,  at  Uie  time  she  is  dichotomised  is,  in 
some  part  of  her  epicycle,  either  accurately  or  nearly  in  a  line, 
as  X  V,  passing  through  e  at  right  angles  to  the  position  of  the 
axis  at  that  time ;  tlicrefore  tlie  radius  of  her  epicycle  will  then 
subtend  a  greater  angle,  at  the  earth,  than  when  its  centre  is  in 
any  other  part  of  tlie  oval ;  and  if  the  moon's  anomaly  be  00 
degrees  at  that  time,  or  she  be  in  quadrature  on  her  epicycle,  as 
at  M',  the  value  of  that  angle  is  a  maximum,  and  Ptolemy,  bj  a 
com])arison  of  tlie  moon's  observed  longitude,  when  in  that 
situation,  with  her  mean  longitude,  found  it  equal  to  7^  40'. 
Bat  it  is  evident  that  if  the  moon,  thus  dichotomised,  were  in  th« 
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apogcum  or  {"^ngcum  uf  Lhe  epicycle,  a&  al  N  or  n',  lier  true 
longitude  should  coincide  with  her  meau  longitude,  which  is 
that  of  the  centre  of  tlie  epicycle,  and  there  ought  to  be  no 
equation,  ae  was  obsened  aboYe, 

A  mean  of  tlie  above  two  greatest  equations  of  the  moon's 
centre^  at  M  and  M',  is  equal  to  6°  20'  30" :  this  may  be  considered 
as  the  mean  equation  aud  it  approaches  very  near  the  value 
asugned  to  this  element  by  modem  astronomers,  who  make  it 
equal  to  6"  18'.  The  difference  between  tliis  mean  equation 
and  the  greatest  above  mentioned  is  1°  19'  30 ",  which  constitutes 
the  mean  value  of  the  second  inequaUty  tn  the  moon's  motion. 
To  this  inequality  the  name  of  evectioawas  subsequently  given; 
in  the  modern  astronomy  its  mean  value  is  made  equal  to  1*  20', 
which  is  remarkably  near  the  ancient  determination  of  that 
element. 

The  computation  of  the  diameters  of  tlie  homocentric  and 
eccentric  circles,  and  of  the  epicycle  is,  now,  sufficiently  easy. 
Ptolemy  supposes  k  (Plate  11.  fig.  3)  to  be  the  earlli,  A  and  i  to 
be  the  centres  of  the  epicycles  when  in  the  apogeum  and  peri- 
geum,  respectively,  of  tlie  oval  figure ;  and  A  m  and  x  u,  which 
are  equal  to  one  anoUier,  to  be  radii  of  the  epicycles ;  then,  as 
above,  we  have  ^lAKm=5°r,  ^XEn=7°  40,  and  the  angles 
at  m  and  n  are  right  angles :  hence,  assuming  E  a,  the  distance 
of  the  earth  from  tlic  apogeimi  of  tlie  eccentric,  to  be  unity,  it 
will  be  foimd  that  the  radius  of  the  epicycle  is  0.08715,  and  that 
Kx  equals  0.6633;  therefore  the  diameter  of  the  eccentric  is 
1.6533,  and  its  racUus,  0.8266;  also,  c  being  tlie  centre  of  tlie 
eccentric,  we  obtain  ec,  equal  to  0.1734,  which  is  the  radius  of 
the  homocentric  circle,  or  tliat  whose  circumference  is  described 
by  the  centre  of  the  eccentric  about  the  earth.  If  we  assume 
c  A,  (fig.  4,)  the  radius  of  the  eccentric,  or  the  mean  distance  of 
tlie  moon  from  Uie  earth,  to  be  unity,  we  shall  have,  for  the 
radius  a  m,  of  the  epicycle,  0. 1055,  and  for  b  c,  that  of  the  homo- 
centric, 0.2098 ;  which  is,  therefore,  nearly  double  the  radius  of 
the  epicycle. 

In  finding  the  difi'erence  between  the  mean  and  apparent 
places  of  tlie  moon  from  observation ;  that  is,  the  angle  at  tlie 
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cmb  iiesfTBoi  1JK  oeniR  ef  'dc  €;ikycle  and  die  plve  of  ik 
■liven,  n:  x&  «nicyckx  Pujieiw  tiiitMnftj  from  acitnxionicil  ttUt^ 
ibt  ffpifH"""  difOimce  iHTtireen  l3bt  joean  loMgitnde  of  the  moot 
cud  UK  imt  loxicniLdt-  of  ibe  bob  for  die  gireD  tDBe*  >m  «* 
ir  suicmrv  iits  faonnaian  id  langitude,  of  the  moon  film  im 
mcu  inaoL  I'j  abno'i-sxiazi'pidi  tbe  astrolabe  ;  by  these  means  ke 
i«i>«:>  zjikt  zmnuE*  OLStsnDe  in  longitDde  betweeo  the  men  nd 
true  7ilu:^.*S'  X  Utf-  monn.  ^frinch  inchides  both  the  equation  of 
ui;  :*t:iii>.  a3i£  'uh  e^€ictian.  To  find  the  place  of  the  men 
f^Kis^nm:  .m  ihr  epinrck.  he  dnwF  a  hue  dvoagfa  the  eaith  B, 
xoiil  «:.  u>t  oenar  of  ihe  eoccntiic;  then  fixim  the  point  c*, 
irbt^"  liiis  me  izitersiecis  ihe  hamooentiic  on  the  opposite  ade^ 
bt  ir&wf  sD.nsiitr  jxk  ihrcvQch  a  .  die  eentze  of  the  epicycle ;  the 
p.cn:  r  uriZl  :»c  ibe  meaa  jpaccvm  requiied;  thai  is,  t)ie  point 
zr.tiL  vbt^.^  iitz  me-Bzi  aaamalr  is  to  be  leckoned.  The  ^f^ 
Ttzii  &}^.>cc^uni  v>f  ihe  epkyde  is  aX  the  point  n',  where  a  fine 
m^m  F  drsLwn  ih3\>xu;:h  the  cenne  of  the  epiCTcle  cuts  the 
oi^'.^v>sdie  Tvan  iM  ihe  circnmieKiice. 

Pi.  je:uy  assens  that  he  had  compnled  the  second  ineqiialitf 
fi\«iu  dr.  L'^.tfkTrsxion  made  bv  Hip^uirhos,  and  had  foand  it 
t\]ual  u^  ihjLi  which  he  had  obtained  horn  his  own ;  it  is,  there- 
fv>rt\  evidoi^x  tku  liippaichns  most  hare  detennined  the  place 
v»f  the  lUvK^u  when  not  in  svzrgr  by  obserrations  diiectly  made 
wiUi  the  a>ii\^labe  and,  consequently ,  it  is  possible  that  he 
uiiisht  liavo  lH\*n  awan^  of  the  existence  of  this  inequality  of  the 
iUiK>ir:^  uu»Ycmout  though  we  have  no  accoimt  that  he  had  deter* 
uiim^l  its  valuo. 

'lli«»  tluHirv  uKn  e  described  seired  to  determine  the  true  place 
of  the  lUiHUi,  at  a  given  time,  nearly  within  the  limits  of  the 
errors  of  the  ancient  ol^servations,  but  any  results  obtained  from 
it  would  be  far  from  according  with  those  of  the  present  day. 
No  new  iH|uation  was,  however,  discovered,  perhaps  the  ne- 
eessitj  for  such  was  not  felt,  till  the  time  of  Tycho  Brahe  w*ho, 
to  the  two  fonner,  addeil  a  third,  which  is  at  its  maximiun  ai^ 
the  time  the  moon  is  in  either  of  the  octants  (when  it  may 
amount  to  about  36  minutes)  and  is  nuU  both  in  syzygy  and 
qua^lrature. 
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Ptolemy  appears  to  have  made  some  efforts  to  find  the  moon's 
parallax  by  computing  her  zenith  distance  at  a  ^ven  time,  when 
she  would  be  on  the  meridian,  and  comparing  it  with  the 
zenith  distance  actually  observed  at  that  time :  but  two  such 
comparisons  gave,  for  the  horizontal  parallaxes,  22'  28"  and 
68'  33",  both  erroneous,  and  it  is  evident  tliat  the  method  imist 
have  afforded  very  uncertain  results:  but,  having  found  the 
distance  of  Uie  moon  when  in  apogeo,  firom  the  earth,  probably 
by  the  method  we  have  explained  in  Chap.  X.,  to  be  64^  semi- 
diameter  of  the  latter,  the  resulting  parallax  must  have  been 
about  flS'  30",  which  is  near  the  truth.  He  afterwards  attempts 
the  distance  of  the  sun  from  the  earth  by  the  method  explained 
in  that  chapter,  supposing  the  visible  semi-diameter  of  the  sun 
and  moon  to  be,  each,  equal  to  15'  40"  and  the  semi-diameter 
of  the  earth's  shadow  in  the  region  of  the  moon,  when  the  latter 
was  eclipsed  in  apogeo,  to  be  2-^  of  her  semi -diameters,  and  he 
finds  it  equal  to  I'210  semi -diameters  of  the  earth,  which  is  as 
far  &>3ra  the  truth  as  the  distance  found  by  Aristarchus:  by 
modem  obsen'ations  that  distance  is  equal  to  23994  semi- 
diameters  of  the  earth. 

Had  Ptolemy  been  able  to  detect  by  his  instruments,  with  any 
accuracy,  the  variations  of  the  moon's  apparent  diameter  during 
one  periodical  revolution,  he  would  certainly,  on  comparing 
them  with  the  variations  which  according  to  his  theory  take 
place  in  her  distance  from  the  earth  during  the  same  period, 
have  discovered  that  the  theory  was  entirely  at  variance  with 
nature ;  inasmuch  as  liis  distances  are  not  inversely  proportional 
to  the  apparent  diameters  which,  by  a  law  of  optics,  ihey  ought 
to  be :  this  law  was  well  known  to  Ptolemy  but  the  uncertiunty 
of  his  obsen'ations  probably  caused  him  to  remain  in  happy 
ignorance  of  a  discrepancy  which  would  have  entirely  subverted 
tbe  edifice  he  had,  with  so  much  skill  and  labonr,  raised  upon 
the  foundations  laid  by  Apollonius  and  Hippaichus.  And  it  is 
remarkable  that  no  comparison  of  that  kind  seems  to  have  been 
attempted  till  tlie  sixteenth  century,  when  Kepler,  by  means  of 
the  law  just  mentioned,  discovered  that  the  orbits  of  the  moon 
and  sun  were  elliptical.     It  is,  besides,  worthy  of  observation 
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i    PLAKKTAUY    THEORY. 


CHAPTER    XIII. 

FTOLEMY'8  PLASETAUT  thkort. 

Coadiiiani  required  in  investigating  the  orltita  of  the  pisneta. — Detcrmiiia- 
tiiin  or  [he  orbits  or  the  superior  and  inferior  planeti. — Inrestigatioo  of  the 
Intitude*  ot  the  plinets.  — Iiii|icrfBclion  and  complEiicy  of  the  ij'slein  of 
Ptolemy.— The  inferior  planets  supposed  by  Pliny  and  VitniiiuB  lo  revolve 
■bout  the  sun. — Ujrpotlieiis  of  Vitniviua  concerning  solu'  attraction.— Se- 
nsca'i  ofaservBtion  on  (he  probaUe  improrcinent  of  utroiuiiiiy. 


In  Uie  ninth  book  of  the  AJmagest,  Ptolemy  enters  upon  iLe 
dicory  of  the  planets  which,  as  he  has  delivered  it,  consists 
in  a.  combination  of  the  preceding  theories  of  the  sun  and  moooi 
with  some  fmtlicr  modifications  for  Mercury.  He  informs  us 
that  the  observations  made  by  the  more  ancient  astronomers 
were  of  three  kinds;  the  times  of  their  stationaiy  appearances; 
of  their  risings  and  settings ;  and  of  their  appulses  to  tho  moon ; 
and  he  points  out  the  inaccuracies  to  which  they  are  subjects 
he  remarks  that  the  first  kind  of  observation  is  uncertain  be- 
cause tlte  slowness  of  a  planet's  motion,  when  nearly  stationary, 
does  not  permit  the  time  to  be  marked  with  precision ;  he  shews 
that  the  risings  and  settings  of  stars  arc  affected  by  a  serious 
cause  of  error  arising  from  the  impossibiUty  of  seeing  them 
when  they  are  exactly  in  the  horizon,  and  from  the  apparent  aug- 
mentation of  their  distances  which  then  takes  place,  and  which 
he  attributes  to  the  vapours  of  the  earth ;  and,  lastly,  he  ob- 
serves tliat  the  phenomena  of  the  appulaes  do  not,  from  the 
errors  in  the  computed  place  of  the  moon,  afford  means  of  de- 
termining the  positions  of  the  planets  with  sufficient  correctness. 
On  all  these  accounts  it  is  evident  iJiat  direct  observations  of  the 
planets  by  means  of  the  astrolabe  are  to  be  preferred ;  and  &om 
such,  were  the  data  obtained  by  which  Ptolemy  computes  the 
elements  of  the  orbits.  Id  speaking  of  the  apparent  situations 
of  celestial  bodies  when  near  the  horizon,  it  is  remarkable  that 
this  astronomer  does  not  mention  the  refraction  of  light  as  a 


9B8  PTOLEMl'S   PLANETARY   THEORY.  [CBlK 

cause  of  the  augmcDtatioos  of  their  altitudes,  and  distances  {km- 
oach  other;  and  it  is  probable  that,  at  the  time  of  writing  the 
Almagest,  he  had  not  made  the  discovery  of  the  effect  of  the 
sphere  in  changing  the  directions  of  the  rays  of  li^t,  whicli, 
however,  he  must  have  found  out  soon  afterwards,  for  he  hu 
introduced  an  account  of  the  phenomena  resulting  from  it,  ii 
his  treatise  on  Optics,  which,  fortunately,  is  still  in  existence. 

In  the  theory  now  to  be  described  he  supposes  that  tJhe  earth 
is  at  rest  in  the  centre  of  the  universe ;  that  tlie  planets,  and  the 
sun  as  one  of  them,  revolve  about  it ;  he  considers  Mars,  Ju- 
piter and  Saturn  to  be  more  remote  from  the  earth  than  the  sun 
is,  hut  he  observes,  as  we  have  before  stated,  Oiat  there  wc« 
two  opinions  concerning  the  positions  of  Mercury  and  Vt 
the  more  ancient  philosophers  supposing  Lhcm  to  be  situated 
between  the  eartli  and  tlie  sun  and  to  revolve  about  the  furnier 
while  some,  of  later  times,  placed  them  beyond  the  sun  with 
respect  to  the  earth;  and  the  first  opinion  is  that  which  he 
adopts  in  his  researches.  He  assumes  the  truth  of  the  Aiislo- 
teUan  doctrine  that  the  celestial  motions  are  uniform  and  cir- 
cular; but  he  obscn-es  that  the  movements  of  a  planet  ca 
he  explained,  either  on  the  hypothesis  of  a  simple  eccenlrie 
orbit,  or  on  that  of  an  epicycle  moving  upon  a  homoccntrie 
deferent,  which  probably  constituted  the  theories  of  ApoUi 
nius  and  Hipparchus;  and  the  follotving  is  an  outline  of  the 
manner  in  which  he  has  combined  the  two  hypotheses,  to  satisJj 
the  phenomena  as  far  as  they  had  tlien  been  observed. 

Let  E  (Plate  II.  fig.  2.)  be  the  centre  of  the  earth  and  of  the 
universe ;  and  upon  any  line,  as  A  p,  taVe  E  c  equal  to  tlie  eccen- 
tricity of  the  planet's  orbit ;  a  distance  corresponding  to  E  c  in 
the  preceding  description  of  the  system  of  the  moon.  Bisect 
E  c  in  z  and  about  z  as  a  centre  describe  the  circle  amp  which 
is  that  called  the  eccentric  and  which,  in  the  solar  theory, 
would  be  that  on  whose  circumference  tlie  sun  moves.  The 
centre  m  of  the  epicycle  l  V  V  moves  on  the  circumference  ■ 
this  circle,  and  z  is  called  tlie  centre  of  mean,  or  constant  dii 
lances,  for  m  z  is  equal  to  the  mean  distance  of  tlic  planet  from 
the  earth.  The  planet,  if  superior,  moves  on  its  epicycle  in 
direct  order,  or  from  V  towards  r ;  if  inferior,  in  retrograde  oidtr, 
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or  from  V  towards  t  ;  but  the  motion  of  the  centre  of  the  epi- 
cycle is  always  direct,  or  from  k  towards  U.  The  angle  a  C  U  is 
always  produced  by  the  mean  movement  of  tlie  planet ;  or  the 
movement  of  the  centre  M,  of  tlie  epicycle  is  sucli  that,  when 
8eea  from  C,  it  appears  equal  to  the  planet's  mean  motion  in 
longitude ;  hence  c  was  called  Uie  centre  of  mean  or  equable 
movements,  and  a  circle,  as  Htz,  described  about  c  as  a  centre 
with  any  radius  was  called  the  equant,  because  the  point  t,  in 
the  hne  c  M,  would  appear  from  c  to  describe  its  circumfercuce 
with  uniform  motion.  The  above  description  will  serve  for  all 
the  planets,  superior  and  inferior,  except  Mercury,  in  whose 
system,  z,  the  centre  of  the  eccentric  and  of  mean  distances, 
moves  upon  the  circumference  of  a  circle  described  about  c  as  a 
cenlxe  with  a  radius  equal  to  c  z,  the  half  eccentricity ;  just  as, 
in  the  moon's  orbit,  the  cenlre  of  the  eccentric  moves  upon  a 
circle  described  about  e  as  a  centre. 

The  line  a  c  E  p  is  the  line  of  the  apsides  of  the  eccentric 
circle;  it  was  not  considered  as  stationary  in  space  but  as 
having  an  angular  movement  about  e  with  a  velocity  equal  to 
that  of  the  precession ;  lm  c  is  the  line  of  the  apsides  of  the 
epicycle,  and  this  tends  constantly  towards  c  fur  all  the  planet* 
except  Mercur}'.  Now  let  a  circle  be  described  about  E  as  a 
centre,  with  any  radius,  to  represent  the  orbit  of  a  fictitious  aim, 
and  on  its  circumference  let  such  a  sun  be  supposed  to  movo 
uniformly  with  the  mean  motion  of  the  real  sun ;  then,  as  was 
shewn  in  the  tenth  chapter,  the  mean  relative  motion  of  the 
planet,  or  that  performed  in  its  epicycle  witli  respect  to  the  sun, 
being  equal  to  the  difference  between  tlie  mean  motion  of  the 
sun  and  that  of  the  planet  in  longitude,  if  we  suppose  S'  to  bo 
the  place  of  the  fictitious  sun  when  the  planet  is  at  V  and  in 
opposition,  b'  will  be  its  place  at  the  next  time  of  opposition 
when  the  planet  will  be  at  v" ;  it  must  be  obsen-ed,  however, 
(hat  B  is  not  supposed  to  be  the  centre  of  tlie  mean  movements 
in  the  solar  orbit,  but  the  error  arisuig  from  so  considering  it,  is 
by  Ptolemy  disregardetl  in  the  planetary  theoi^'.  The  angles 
EMC  and  E  M'  c  constitute,  for  the  points  M  and  it  respectively, 
what  was  called  tlie  anomaly  of  the  eccentric,  the  jtlauet's 
zodiacal,  or  proper,  or  hrst  inequality,  or  the  equation  of  the 
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centre;  and  tins  ikaicim  corrapoodt  totkat,  tovliidi  in  the 
wttiar  theorr,  the  latter  denomination  was  appfied;  the  second 
ineqoalitT  was  sopposed  to  depend  opon  the  position  erf*  the 
planet  in  itn  epicrcle,  and  was  expiessed  hr  die  ranaUe  ai^gple 
jT  E  B,  the  planet  being  f!:nppo«ed  at  s. 

The  mean  tropical  rerolotion  of  a  planet,  and  the  mean  le- 
Yohition  in  its  epicrde  had  been  weO  aiEcertained,  as  we  hare 
diewn,  before  the  time  of  Ptolemr,  and  the  andent  raloes  of 
these  elements  differ  but  little  from  those  assigned  to  them  in 
die  modem  taUes :  we  cannot,  howerer,  sar  so  mnch  of  the 
equations  by- which  the  mean,  were  ledaced  to  the  apparent 
morements,  since  the  erroneous  theonr  of  the  Gredcs  bat  badlj 
represented  the  laws  of  the  variations  of  planetary  motion 
between  the  periods  in  which  their  inequalities  are  compensated ; 
jet  it  will  be  both  interesting  and  useful  to  shew  in  what  manner 
Plolemj  determined  the  elements  of  the  orbits  of  the  planets  on 
the  hypothesis  which  has  been  just  explained.  For  this  pur- 
pose, it  must  be  supposed  that,  besides  a  knowledge  of  the  mean 
morements  above  mentioned,  he  possessed  registers  of  many 
obserred  longitudes  and  latitudes  of  the  planets  at,  or  near,  the 
times  of  the  opporition  of  the  superior,  and  the  greatest  dongm- 
tions  of  the  inferior  planets  with  respect  to  the  son ;  and,  from 
these,  by  the  help  of  a  table  shewing  the  mean  solar  morements, 
he  was  enaliled  to  ascertain  the  apparent  places  df  die  planets 
Mi  the  moments  when  those  places  were  in  opposition  with  the 
mean  places  of  the  sun.  With  these  elements,  by  the  rules  of 
trigonometry,  he  found,  as  we  shall  explain,  the  places  of  the 
jqpogea,  the  eccentricity,  the  radii  of  the  epicycles  and  the  equa- 
tions of  the  centres.  The  opposition  of  the  true  longitude  of  a 
planet  to  the  mean  longitude  of  the  sun  is  made  use  of  by 
Ptolemy  because  the  planet,  in  this  situation,  is,  according  to 
2iis  hypothesis,  at  the  extremity  of  its  epicycle,  passing  through 
the  earth ;  and  the  second  inequality,  or  that  depending  on  the 
place  of  the  planet  in  its  epicycle,  is,  consequently,  null.  It 
may  bo  observed  here  that,  in  the  modem  astronomy,  the  op- 
positions and  conjunctions  of  the  planets  with  the  sun  are,  also, 
generally  employed  for  investigating  the  elements  of  their 
motions  in  order  to  avoid  the  inequality  caused  by  the  durtanoe 
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of  Uie  enrlh  from  the  centre  of  ibe  system ;  but  the  oppositions 
or  conJunctioDs  are  those  of  the  true  geocentric  longitudes  of 
both  film  and  planet. 

ITie  data  employed  by  Ptolemy  in  inycstigating  tJie  orbit  of 
Mars  were  three  longitudes  of  that  planet  observed  by  himself 
in  the  fifteenth  and  nineteenth  years  of  Adrian  and  in  the  second 
year  of  Antoninus,  when  tlie  apparent  places  of  tlie  placet  were 
in  opposition  to  the  mean  places  of  the  sun.  These  longitudes 
were  2'  21°,  4'  49°  50'  and  8'  2°  34'  respectively,  and  the  in- 
tervals of  time  were  1530.8333  days,  and  1557.0417  days;  tbe 
mean  movements  of  the  planet  in  the  two  intervals,  according 
to  the  tables  and  rejecting  entire  circumferences,  were  81°  44', 
aiid  05°  28',  respeclJA-ely,  while  the  observed  movements,  by 
taking  the  differences  between  the  above  obsened  places,  were 
67°  50  and  03°  44 .  Now  let  E  (Rate  III.  fig.  1)  be  ihq  earth, 
and  SI,  M',  M"  be  the  three  obser\-t'd  places  of  Mars,  in  the  circle 
of  mean  distances  whose  centre  is  z,  consequently  we  have 
Z.M  em'=67°  50  and  m'em"=93°  44' as  above:  let  c  he  the 
centre  of  mean  movements  and  describe  the  circle  m  m'  m"  about 
C  as  a  cimtre  with  a  radius  equal  to  that  of  the  circle  of  mean 
distances ;  draw  c  m  m,  c  m'  m',  c  m"  m" ;  then  m,  m',  m"  become 
the  places  of  Mars  calculatetl  by  bis  mean  movements,  bo  that 
Z.mcm'=  81°  44' and  im' cm  "=95°  28' as  above;  and  let  it 
be  required  to  find  the  eccentricity  R  c  and  the  position  A  p  of 
the  line  of  the  apsides.  To  obtain  these,  Ptolemy  assumes,  as 
known,  the  length  of  a  line  E  p,  drawn  through  E  and  m",  one  of 
tlie  mean  places  of  the  planet  in  the  circle  of  mean  movements; 
and,  from  this,  with  the  given  angles,  he  computes  Irigonoraetri- 
cally  tlie  value  of  the  radius  of  the  circle  of  mean  distances  and, 
subsequently,  the  value  of  Uie  ecccnlricily  in  terms  of  that  radius ; 
from  the  same  data  he  gets  tlie  angle  made  by  the  line  of  the 
apsides  with  a  hne  drawn  6rom  v  to  one  of  tJic  observed  place* 
of  the  planet,  by  which,  and  the  obsened  longitude  of  that 
point,  the  longitude  of  the  perigeum  is  determined. 

The  details  of  the  investigation  are  as  Ibllow.  The  angles 
m  E  m',  m'  E  m "  do  not  differ  much  from  M  E  m',  m'  e  m  " ;  there- 
fore, as  a  first  approximation,  Ptolemy  supposes  them  equal, 
and  he  produces  m "  e  to  p ;  the  ^  m  E  p  may  be  considered  as 
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iLe  Bupplemeut  of  the  sum  of  ihe  two  obscn-ed  angles,  and 
therefore,  as  t^i|ual  to  18'  26';  consequently  ^  m'  e  p  is  equal  to 
86"  16';  next  L  id  cm '=177'  12',  the  sum  of  the  mean  int^r- 
>'als,  and  ita  half,  which  is  the  angle  m  p  m ",  is  equal  to 
also  iimcm'=  81°  44',  the  first  mean  intcnal,  and  its  half, 
or    inipni',=40'  52';   conscquentJj    Z  m  p  £=47°  44' 

Z.Km'p=46''.     Then,  assuming  Ep  to  be  unity, 
in  the  triangle  m'  v.  p,  wc  have  B  p  =:  1  and  all  the  angles  ; 
to  find  m'p  [  =  1-38713]; 
in  the  triangle m  Ep,  wc  have  Ep=l  and  all  the  angles; 

to  find  mp  [=0-33071],  and 
in  the  triangle  4n'm  p,  we  have  m'p,m  p  and  Z.  m  p  m' 

to  fmd  L  mmp[  =  10'  46  26  ]  the  dou- 
ble of  which,  or  Z  m  C  p,  is  equal  to  2 1"  32'  52  ".  But  lo  find  B  p 
in  terms  of  the  radius  of  tlic  circle  m  m  m ',  make  that  radios 
equal  to  ujiity ;  then,  because  Z  m'  c  p  is  known,  being  equal  to 
the  sum  of  tlie  angles  m' C  m  and  mCp;  in  the  isosceles  tri- 
angle m'  c  p,  we  have  c  ra'  and  l-  p,  each  equal  to  unity,  and 

Z  m'fp=103'  IC  52'';  to  find  m'p  [=1-56826]:  also,  in  Ihe 
triangle  m'  K  p,  we  have  m'  p  and  all  the  angles ;  to  find 
Ep  [  =  113052].  Now  the  sum  of  the  angles  ui'rra",  mem, 
mcp  is  equal  to  198°  44'  52",  this  taken  from  360°  leaves  Ui« 
angle  m'cp  equal  to  161"  15' 8";  bisect  this  angle  by  the 
line  c  N  which,  therefore,  uill  bisect  m"  p  at  right  angles  in  N ; 
lhcninthelriangIem'CNweha%-ecm"=l,  Z  m"cN=80'37' 
and  the  right  angle  at  N ;  to  find  ton,  orwp,  [=0-98667. 
and  ON  [=0-16298];  whence  F.N  [=e  p— N  p]  is  found 
be  0-14387,  and  fi'om  the  right  angled  triangle  c  n  e  we  i 
findCE  [=0-217344];  lliis,  consequently,  is  iJie  value  of 
double  eccentricity  when  the  mean  distance  of  AlarR  from 
cartli  is  equal  lo  unity.  Now  the  complement  of  llie  angle  E 
is  equal  to  Z  c  b  «  or  Z  m '  e  p  which,  for  the  present,  may 
considered  the  same  as  the  angle  M "  E  p ;  to  this  add  8'  S"  3# 
the  obsencd  longitude  of  m  ", and  wc  sliall  have  9'  21"  T  for 
longitude  of  P,  tlie  perigeuui  of  the  eccentric ;  hence  the  poution 
of  the  line  A  i',  of  the  apsides,  is  known  approximativ^ly.  Tfaa 
same  elcnieiits  nuiy  tlien  be  re-compulid  from  tlie  more  coireol] 
data  ajTordcd  by  the  preceding  detcnninationa,  which  depoodj 
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upon  the  erroneous  assmnptinn  of  the  equalities  of  the  angles 
in'  E  m,  m'  E  M  and  the  angles  m'  e  m",  M'  E  m"  :  in  the  second 
a|<pi'oxiination  Ptolemy  concludes  that  the  longitude  of  tlie  peri- 
giuin  of  the  orbit  of  Mars  was  then  equal  to  9'  25 '  30'  and  that 
lhccccenlricilj',czor  ZE,  was  0"1,  the  mean  distance  being  unity. 
Ptoleray  afterwards  computed  the  angular  distance  of  the 
planet  from  the  mean  apogeuin  of  the  epicycle  when  not  in  op- 
position Willi  the  sun,  and  with  that,  proceeded  to  find  the 
rniliiis  of  the  epicycle  itself.  For  this  purpose  he  uses  an  obser- 
vation made  tliree  days  after  the  last  of  the  preceding  oppo- 
sitions, the  mean  longitude  of  the  sun  behig  2'  5'  27',  the 
observed  longitude  of  Mars,  determined  by  his  distance  from 
Spica  Virginis,  8'  1"  36',  and  the  longitude  of  the  perigeum  of 
Uie  eccentric  !>•  25"  30'  as  before  found  ;  the  differeuce  beHveen 
the  last  two  quantities,  which  is  53"  54',  gives  the  distance  of 
Mars  westward  from  the  perigeum.  The  true  longitude  of  Mare 
at  the  lime  of  the  last  opposition  was  8'  2'  34',  and  tlie  planet 
was  then  at  V,  on  its  epicycle ;  the  mean  place  of  tlie  sun  being 
supposed  to  be  in  the  line  M"e  produced  towards  p,  Now  the 
diffArncc  between  the  longitude  of  p,  the  perigeum,  and  of 
M";  or  V,  is  52°  56',  which  is  equal  to  tlie  angle  M "  e  r ;  but  tlie 
angle  m"  c  n,  afler  tlie  second  correction  is  81"  25' ;  therefore  its 
complement,  tlie  angle  C  m'  E  is  equal  to  8 '  35'  or,  as  Ptolemy 
makes  it,  8'  22',  and  tliis  taken  from^m"Ep  loaves  Z.  in"  c  p 
equal  to  44"  21',  and  its  supplemcut,  or  Z.  A  cm",  equal  to 
135"  39',  the  mean  distance  of  Mars  from  the  apogeum  of  the 
eccentric  at  the  time  of  the  said  opposition.  By  the  mean 
daily  motion  of  Mars  in  longitude,  his  movement  in  the  three 
days  siuce  the  opposition,  is  found  to  be  1"  32' ;  if,  therefore,  the 
angle  m"  c  m  "  be  made  equal  to  tliis  i{uatitily  we  shall  have  m'" 
for  the  place  of  tlie  centre  of  the  epicycle  at  the  time  of  the  pre- 
sent obsenalion,  and  the  angle  acm  '  will  be  equal  to  137"  11': 
next  draw  m'"  e  cutting  this  epicycle  in  V,  then,  by  the  planet's 
mean  dtuly  motion  in  the  epicycle,  his  movement  in  the  three 
days  is  found  to  be  1^  21',  and  the  angle  V  m  "  R  being  made 
equal  to  it,  b  becomes  the  place  of  the  planet ;  we  have  there- 
fore the  arc  v  V  u  equal  to  181"  21',  and  from  this,  taking  what 
is  called  the  anomaly  of  the  eccentric  which  is  the  angle  c  m  "  k. 
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or  its  meaaure,  the  arc  v  v',  [supposed  to  be  8 '  35'  as  above]  the 
remainder  [  =  1 72*  46']  is  the  value  of  llie  angle  v'  m"'  «,  the  dis- 
tance of  the  planet  from  the  mean  apogeum  of  the  epicycle. 
In  finding  the  radius  of  the  epicycle,  the  mean  distance  M'"z  is 
assumed  equal  to  unity  ;  tlien,  in  llic  triangle  c  m  '  z,  we  have 
M  'z=l,  cz  [the  half  eccentricity]  =0"1  andZ.  M"  cz=42'  49'  $ 
to  find  the  angle  c  m  "z  [=3'  53'  53"];  whence  the  angle  Ezitrti 
becomes  knoivn  [=46"  42'  53"];  wc  have  also  izM*"ip 
[=  Z.  CM"  E— Z.  Cm'"z]  =4'  28'  8";  and  the  angle  th't*, 
which  Ptolemy  now  makes  equal  to  8"  22'  I ",  added  to  the  angle 
v'M  "B[=172'46],gives,forlhearc  vVr,  181' 8'  1';  whence 
Z.  V"  M'"  E=  1"  8'  1 ".  Now  the  siun  of  the  angles  M"'  c  E  and 
cm'"z  is  equal  to  tlie  angle  m'"ze  [  =  46'  42'  53"];  and  if  again 
to  this  wc  add  Z.zm"e,  the  sum  [=51°  11'  1 "]  is  equal  to  Uu 
angle  m"ep;  this  taken  fromZPEK  [=53' 41]  which  is 
above  mentioned  distance  of  Mare  from  the  perigeum  of  t)ie 
centric,  gives  the  angle  m'"eb  [=2M2' 69""] ;  whence.by  add- 
ing L  V '  m"  R,  we  have  the  supplement  of/.  M"'  R  E  [=3'  51']. 
Let  fall  Ea  peqiendicularly  on  m"'Z  ;  then  za  [=0'0686]  may 
be  found  in  the  triangle  z  a  E,  and  we  shall  have  M"'a=0-9314: 
wherefore,  in  tlie  triangle  EaM  ",  we  obtain  M"' e  [=0'93424]. 
Lastly,  in  the  triangle  m'"  r  e,  we  have  M  "  e  and  the  angles ;  lo 
find  M"  R  [=065638],  tlie  required  radius  of  the  epicycle  ;  but 
it  has  been  with  justice  obsened  that  Ptolemy  has  chosen  a 
very  unfavotirable  situation  of  the  planet  for  determining 
element,  on  account  of  the  smallness  of  the  angle  M  "e  a. 
similar  processes  the  elements  of  the  orbits  of  Jupiter  and 
turn  were  found :  he  makes  their  eccentricities  equal  to  0*0-458 
and  0-0542  respectively,  and  the  radii  of  their  epicycles  0-192 
and  0105,  tlie  mean  distances  of  the  planets  from  the  earth  be- 
ing supposed  equal  to  unity.  From  the  tlieory  of  gravitation  it 
ia  found  that,  in  the  age  of  Ptolemy,  tlie  eccentricities  of  Man, 
Jupiter  and  Saturn  were  006183,  004552  and  006124  respec- 
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I  tively ;  the  errors,  therefore,  are  not  so  great  as  might  be  eftt^H 

pected.  ^^H 

I  Ptolemy's  theory  of  the  inferior  planets  is  contained  in  tU^^| 

tenlJi  book  of  llie  Almagest;  and  in  the  investigation  of  th4^^^| 

I  orbits  he  considers  the  conjunctions  to  be  made  by  the  eqiwli|j^^| 
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of  tlie  longitudes  of  the  planet's  apparent  place  and  the  sun's 
mean  place,  as  in  treating  of  the  orbils  of  the  atipcriur  planets : 
he  also  considers  that  the  centre  of  the  epicycle  of  an  inferior 
planet  always  coincides  with  the  mean  place  of  tJie  sun  at  any 
given  time,  and  that  tlie  apogcum  of  the  eccentric  represents  the 
siluation  of  the  mean  sun  at  the  midillc  point  of  time  between 
those  at  which  ihe  elongations  of  the  planet  from  the  menu 
'  place  of  tl)e  sun  are  equal  to  each  other  but  on  ojiposite  sides 
of  the  sun. 

Thprefore  to  fix  the  position  of  the  apogenm  in  the  eccentric 
of  Venus,  it  wait  only  necessary  to  take  from  the  registers  of  ob- 
sevvatious  two  longitudes  of  the  planet  of  which  one  exceeded 
the  mean  longitude  of  Ihe  sun,  found  irom  the  tables  of  the  eun'S 
movements,  as  much  as  tlie  oUicr  was  deficient:  but,  by  an  oh- 
senation  of  the  elder  Theon  in  the  twelfth  year  of  Adrian,  Pto- 
lemy finds  the  elongation  of  Venus  westward  of  the  mean  place 
of  the  sun  to  be  47"  32',  when  the  latter  was  in  fi*  17 '  62',  and 
by  an  observation  which  he,  himself,  liad  made  in  the  twenty- 
first  year  of  Adrian,  lie  finds  the  ehnigation  eastward  to  be 
47 '  32'  when  the  sun's  mean  longitude  was  9*  3'  5' ;  the  longi- 
tude of  the  middle  point  between  thoKe  two  places  of  the  stm  is 
evidently  equal  to  7'  25'  nearly,  and  that  of  the  opposite  point, 
1'  25" ;  and  since  the  sim  was  nearly  in  apogeo  when  his  mean 
longitude  was  1'  25',  this  point  is  to  be  considered  as  tlie  apo- 
geum  of  the  eccentric  circle  of  ^'enus,  and  the  former  as  the 
perigeum. 

To  obtain  the  eccentricity  and  the  radius  of  the  epicycle, 
Ptolemy  takes  two  observations  fron)  each  ()f  which  the  ex- 
treme elongations  mi^t  be  obtained  when  llie  mean  places  of 
the  sun  were  1*  25'  and  7"  25°;  that  is,  when  the  mean  sun 
was  in  the  apsides  of  the  eccentric  of  ^''enus  ;  the  first  of  these 
obsen'ations  is  in  tbe  thirteenth  year  of  Adrian  when,  the  mean 
Sim  being  in  apogeo,  the  extreme  elongation  was  44 '  49'  west- 
ward, and  the  second  in  the  twenty -first  year  of  Adrian  wlien, 
the  mean  sun  being  in  perigeo,  the  extreme  elongation  was 
47'  20',  also  westward :  with  these  data  he  proceeds  to  investi- 
gate the  elements  in  the  following  manner.  Let  a  N  p  [Plate  III. 
fig,  2.]   be  the  eccentric  circle  of  which  z  is  the  centre ;  let,  as 
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before,  E  be  llie  earth  and  C  tlie  centre  of  meail  or  unifomi 
lions  ;  tLen  a  and  p  will  be  the  places  of  the  apogeum  anil 
rigeum  respectively  ;  these  points  will  also  represent  the 
places  of  the  sun  when  in  liie  apsides  of  the  eccentric,  and  let 
it  be  obsened  that  Ploleujj  supposes  this  circle  to  be  fixed  ia 
space,  or  that  the  line  of  the  apsides  is  subject  only  to  the  motion 
of  precession.  Take  V  and  V  to  represent,  at  the  two  times  of 
observation,  the  places  of  \'enu8  in  tlie  epicycle,  which  are 
wlierc  the  tangents  E  V  and  e  V  meet  its  circumference ;  Xhea 
since  a  V=pV',  we  have,  in  the  right  angled  triangles  a  V  e  and 
pV'e,  AE  :  EP:  :  sin.Z.rBV'  :  sin.Z.AE  V:  then,  the  half  sum 
and  half  diiference  of  these  angles  of  elongation  being  known, 
as  above,  to  be  d6'  4'  and  1"  16'  respectively,  we  have,  nstng 
tlie  modern  trigonometry  to  avoid  the  laborious  proce6Ses  of 
Itoleniy, 

tang.  46'  4'  :  tang.  1°  16';:ae  +  ep  ;  ae  — EP: 
whence,  assuming  AZ,  the  mean  distance  of  Venus 
Uic  earth,  to  be  unity,  it  will  follow  that  a  b  +  B  p  =  2, 
and  A  K— E  p=0042606,  which  is  equal  to  the  double  eccenlii- 
eity;  therefore  the  eccentricity  E  Z  is  0'021303:  then  also  aV,  or 
its  equal  p\"  [  =  0'71965j  may  he  found  from  the  triangle  ae  V. 
The  radius  of  Uie  epicycle  of  an  inferior  i)lanel  may  be  considered 
as  the  mean  distance  of  that  planet  from  the  sun,  and,  for 
Venus,  the  value  of  this  mean  distance  accorthng  to  La  Place  is 
equal  to  072333,  whicli  diOers  but  little  from  the  determination 
i)f  Ptolemy ;  the  eccentricities,  however,  do  not  agree  so  well, 
lor,  by  the  theory  of  gravilalion,  that  of  Venus  was,  in  the  age 
of  Ptolemy,  only  equal  to  0'00789,  which  is  little  more  than  oi 
thinl  of  llie  value  above  obtained. 

In  order  to  find  the  maximum  equation  of  the  centre,  Ptoh 
chose  two  ohsenalions,  made  when  the  elongation  of  V 
tlie  mean  place  of  the  sun  was  tlie  greates*,  and  when  the  mi 
place  of  the  stm  was  at  00  degrees  from  the  apogeum  of 
planet's  eccentric ;  that  is.  when  his  mean  longitude  was  10*  2S* 
the  first  of  these  was  in  Uie  eighteenth  year  of  Adrian,  when  the 
geocentric  longitude  of  Venus  was  9*  1 1°  25'  and,  conseijuently, 
her  elongation  was  43'  35'  westward,  and  the  second  was  in  the 
tliird  year  nf  Antoninus,  when  the  geocentric  longitude  was  0'  1 5* 
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20 ,  and,  consequently,  the  elongation  was  48°  20'  eastward.  At 
these  times  the  centre  of  the  epicycle  iniis;t  have  been  at  the  ex- 
tremity, N,  of  a  line  drawn  through  c,  the  centre  of  mean  move- 
ments, perpendicularly  to  the  line  a  r,  of  the  apsides ;  and  v  and 
r',  at  Uie  points  of  contact  of  the  lines  E  v  and  E  v',  must  have 
been  the  places  of  the  planet  in  the  ejiicycle.  Now  let  Q  o  be 
an  arc  of  the  celestial  sphere,  and  let  N  be  transferred  to  n'  in 
that  sphere  by  a  line  from  c,  then  N'  will  represent  the  mean 
place  of  the  sun  in  the  same  splicre ;  also  let  v,  n  and  v'  be 
transferred  to  o,  to  n"  and  to  Q,  by  lines  from  E,  then  these  will 
be  the  apparent  places  of  those  points:  tlie  arcs  of  eloitgatittn  in 
the  celestial  sphere  are  o  n'  and  N' Q*  respectively,  and  half  tlie 
difference  of  these  [=  2°  22  30"]  is  evidently  equal  to  the  arc 
N'  N"  wliich  may  be  considered  as  the  measure  of  the  angle 
n'  m  n  "  or  c  N  E,  the  equation  reqnired. 

It  is  proper  to  remark  here  that  Ptolemy  corrected  the  mean 
movement  of  ^'cnus  and  the  place  of  her  apogeum  by  comparing 
a  geocentric  longitude  of  the  planet,  obsen'ed  by  himself  in  the 
second  year  of  Antoninus,  with  one  observed  by  Timocharis  in 
the  thirteenth  year  of  Ptolemy  Philadelphus ;  the  inten-al  being 
409  years  167  days,  during  which  time  tlie  planet  had  described 
226.93986  revolutions  in  the  epicycle.  From  hence  he  finds  the 
mean  daily  motion  in  tlie  epicycle  to  be  0.61008  degrees,  which 
is  rather  less  than  the  value  found  by  Hipparchus ;  and  he, 
aflerwards,  dctennines  tlie  longitude  of  the  apogeum  for  the 
epoch  of  liis  tables,  which  is  Uie  first  year  of  Nabonasscr,  to  be 
1*  16°  10':  the  mean  longitude  of  the  planet  is,  of  course,  the 
same  as  that  of  the  sun  at  the  jame  period. 

A  process  very  similar  to  that  employed  in  determining  the 
orbit  of  Venus  was  adopted  in  investigating  that  of  Mercury. 
For  fixing  the  longitude  of  the  apogeum  of  the  eccentric,  Ptolemy 
selected  two  obsen'alions  of  the  planet  when  the  elongations 
from  the  mean  place  of  the  sun  were  equal  but  on  opposite 
sides ;  one  of  these  was  made  in  the  sixteenth  and  the  other  in 
the  eighteenth  year  of  Adrian,  and  at  the  first,  by  the  cUstance 
of  Mercury  from  a  fixed  star  whose  longitude  was  known,  the 
apparent  or  geocentric  longitude  of  the  planet  was  found  to  be 
11*  1° ;  when,  by  the  solar  tables,  the  mean  longitude  of  the  suii 
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was  10'  9°45';tliL-(ltfiuri-ncen-liie!itrat»equalU>91'*IA'an«l«Biixi- 
muin,  was  the  elongation  of  ibe  planet  eastward :  al  the  tecooi. 
Mercury's  apparent  longitude  was  foitod  in  the  same  maziOft  b> 
be  1'  18°  45',  when  the  sun's  mean  longitude  wsk  3*  10°;  l^  J 
iliS'erence,  which  was  altio  '31°  15,  and  a  maxiiaum,  wu  tbsfl 
elongation  westward :  tlie  middle  point  hetwecii   the  two  anM 
places  of  Uic  buu  ;  that  is  a  point  whose  lon^tude  was  0'  9^  StM 
was  the  required  place  of  the  apogeum  of  the  planet's  eccentficl 
By  another  pair  of  obserrattons  made  in  the  first  and  foartb  yean 
of  Autuniiius  tho  place  of  the  apogrtuin  was  found  to  be  in  0* 
10°  15' ;  and  a  mean  between  the  two  places  thus  dctenmneil 
gives  0'  10"  3'  45"  for  tlie  longitude  of  the  apogeum. 

In  order  to  find  the  eccentricity  (uid  llie  radius  of  Merconr'^ 
epicycle,  Ptolemy  takes  several  observations  made  direciJt  on 
the  planet  when  tlie  mean  longitudes  of  tlie  sun  were  die  saiMi  J 
as  those  of  the  apogeum  and  pcrigeum   of  llie    planet :   two  oTl 
these,  which  were  made  by  himself  in  the  nineteenth  year  of  Adrian,^ 
gave  for  tlie  greatest  elongation,  iu  the  first  case  28"  &'  eastward, 
and,  in  the  otlier,  1!>'  3'  westward;  llie  sun's  mean  longi||ides 
being  respectively  0'  11"  15' and  6' 9"  15':  but  two.t 
Borvations,  made  in  the  fourteenth  year  of  Adrian  i 
second  of  Antoninus,  when  the  mean  longitude  of  thea 
3*  10'  nearly,  and>  consequently,  when  the  suu  was  at  I 
tance  of  a  quadrant  from  the  apsides  of  Mercury's  eccentric,  gaval 
for  the  greatest  elongations  26"  15'  eastward,  and  20'  15'  wea(>l 
ward,  respectively ;  and  Ptolemy  takes  a  mean  of  these,  or  "iVm 
15',  for  the  maximum  elongation  in  both  situations.     Otlirr  ob-l 
senatioiis  made  when  the  mean  suu  was  differently  aituj 
jpive  different  elongations,  which  were  not  reconrileablc  i 
the  hypothesis  adopted  for  the  orbit  of  \'enus,  and  tt  seem 
evident,  either  that  the  radius  of  Mercury's  epicycle  was  v 
or  that  tlie  distance  of  its  centre  Irom  the  earth  was  subject  to  ■ 
change,  independent  of  that  arising  from  its  motion  on  a  siiaph.fl 
eccentric.    Ptolemy  adopts  this  opinion  and  modifies  the  for 
h^othesis  by  making  the  centre  of  mean  distances  mo\  eablc,  i 
will  be  presently  explained. 

I<etE  [Plate  III.  fig.  dj  be  the  eartli  i  AHp,  abq  and  Per] 
be  oeitf^in  positious  of  Mercur>''8  eccentric ;  and  let  a  p  be  I 
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line  of  tlie  apsides.  Take  c  the  centre  of  mean  movements,  and 
draw  CT  perpendicular  to  ap;  then  tlie  centre  of  the  epicycle 
will  be  in  the  liiie  c  T,  suppose  it  at  T,  at  the  limes  of  the  tmo 
last  mentioned  observation s.  At  those  times  half  the  difference 
of  the  two  elongations  was  equal  to  three  degrees  which,  as  was 
shewn  in  the  orbit  of  Venus,  constitute  the  amoimt  of  the 
zodiacal  inequality,  or  the  angle  etc;  hence  e  c  may  be  ex- 
pressed by  c  T.  tang.  3" ;  but,  considering  H  to  be  the  place  of 
the  planet  in  its  epicycle,  x  m  to  be  perpendicular  to  c  M,  and 
4CTCW  equal  to  tlie  mean  elongation  [23"  15],  we  sliall  have 
CT.  sin.  23' 15' =:  tm;  whence, assmning  TM  to  be  unity,  CT 
will  be  found  eqiud  to  2.53329,  and  e  c  equal  to  0.!327fi.  Now, 
by  the  obseri-ations  in  the  nineteenth  year  of  Adrian,  as  above 
mentioned,  when  the  maximum  elongation  at  A ;  that  is  (he  angle 
AEV,  was  19' 8;  and  at  P,  that  is  the  angle  PEV'.waa  23°  5', 
assaoting  tlie  radius  of  the  epicycle  to  be  unity,  Ptolemy  found 
that  B  A  nas  equal  to  3.0ii379  and  £  p,  to  2.53329 :  half  the  sum 
of  these  values  gave  A  Z,  or  z  p  [=  2.7985-t]  consequently  E  z  ia 
equal  to  0.26525,  which  is  twice  the  value  of  E  c.  Therefore  it 
is  proved  that  z  is  situated  at  a  distance  from  c,  the  centre  of 
mean  movements,  equal  to  e  c  but  on  the  opposite  side.  Now, 
to  preserve  the  above  value  of  T  c  and  to  have  the  centre  of  the 
epicycle  always  equally  distant  from  the  centre  of  mean  dis- 
tances, Ptolemy  found  it  convenient  to  suppose  that  this  last 
centre  revolved  on  the  circumference  of  a  circle  described  about 
z,  with  a  radius  equal  to  z  c  or  e  c  ;  then,  imagining  the  centre 
of  mean  distances  to  be  at  z' when  the  centre  of  the  epicycle 
was  at  A,  and  causing  the  former  centre  to  move  in  retrograde 
order,  or  from  z'  through  z",  on  the  circle  described  about  z, 
while  tlie  centre  of  the  epicycle  moved  in  direct  order,  or  from 
A  towanls  T,  with  an  equal  angular  velocity ;  the  centre  of  mean 
distances  would  arrive  at  c  when  the  centre  of  the  ejricycle  was 
in  perigeo,  in  the  line  a  p  and  tlie  eccentric  circle  woiUd  suc- 
eessively  take  the  positions  a  b  q,  per  when  the  centre  of  mean 
distances  was  at  z '  and  c,  respectively.  A  zf,  the  mean  or  constant 
distance  is  evidently  equal  to  2.6*5570  [=az— zc];  and  if  we 
make  this  equal  to  luiity  we  liave,  by  proportion,  T  M,  the  radius 
of  the  epicycle,  equal  to  0.3751S  and  E  c,  the  eccentricity,  equal 
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to  0.0995,  or  nearly  one  tenth  of  the  mean  distajice :  in  the 
modem  astronomy  the  semiaxis  major  of  Mercury^s  orbit,  whic^ 
corresponds  to  the  radius  of  the  epicycle  in  the  theory  of  Ptolemy 
is  equal  to  0.3871,  and  the  eccentricity,  to  Q.2054,  the  mean  dis- 
tance of  the  sun  from  the  earth  being  unity. 

The  differences  in  the  apparent  elongations  of  an  inferior 
planet,  when  the  mean  sun^  or  the  centre  of  the  epicycle,  is  in 
different  parts  of  the  eccentric,  are  sensible  also  in  Venus  but 
are  not  so  considerable  as  in  Mercury;  they  are  evidently  caused 
by  the  ellipticity  of  the  real  orbit  of  the  infericur  pla&et  about  the 
isun,  and  the  orbit  described  by  the  centre  of  tlie  epicycle  ac- 
cording to  the  hypothesis  above  explained,  produces  an  approxi- 
mation  to  the  law  of  those  variations  inasmuch  as  the  path  of 
that  centre  is  an  oval  figure  symmetrical  on  each  side  of  a  r,  as 
in  the  orbit  of  the  moon,  by  which  the  radius  of  the  epicycle 
subtends  a  variable  angle  at  the  centre  of  mean  movement  as 
well  as  at  the  earth ;  and,  if  it  had  not  been  that  the  prejudice 
in  favour  of  circular  motions  overpowered  every  consideration^ 
the  figure  of  this  path  must  have  suggested  to  Ptolemy  the  idea 
of  an  eUiptical  orbit,  which  would  have  considerably  simplified 
his  theory  of  planetary  movement  even  though  he  ha4  still  sup- 
posed the  earth  to  be  at  rest.  It  must  be,  also,  observed  that, 
notwithstanding  the  complexity  of  the  orbits  of  the  planets,  the 
observed  inequalities  of  their  motions  were  far  firom  being  accu- 
rately represented. 

By  comparing  the  longitudes  of  the  apogea  of  all  the  planets, 
found  in  his  own  times,  with  those  determined  firum  more  ancient 
observations,  Ptolemy  concludes  that  the  lines  of  the  apsides  arp 
fixed  in  space  and  that  the  longitudes  of  the  apogea  appear  to 
increase  continually  by  the  mere  effect  of  precession :  now  we 
have  shewn  how  erroneously  this  last  element  was  estimated, 
and  we  know  that  the  progression  of  the  apogeum  is  different 
for  all  the  planets;  that  of  Saturn,  which  is  the  greatest, 
jEunounting  to  about  20  seconds  annually  witli  respect  to  the 
fixed  stars,  or  to  about  70  seconds  with  respect  to  tlie  equinoxes ; 
and,  as  such  movements  might  have  been  detected  in  obser- 
vations made  at  the  end  of  long  intervals  of  time,  there  is  a  pre- 
sumption tT       "^olemy  did  not  attempt  the  investigation.     A 
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suspicion  has,  also,  ariGcn  respecling  the  reality  of  llie  obser- 
Tfttions  he  professes  to  have  made  on  the  inferior  planets  for  de- 
tcnniiiiiig  their  elongations  from  ttie  mean  place  of  the  sun,  on 
account  of  the  improbability  tliat  the  values  of  those  elongations 
should,  as  he  has  asserted,  be  exactly  equal  to  each  other  j  but 
this  circumstance  admits  of  a  reasonable  explanation  which 
leaves  no  ground  to  doubt  the  fidelity  of  the  Alexaudrian  astro- 
nomer ;  for  it  is  conceivable  that  he  would  have  taken  from  the 
registers  of  observations,  made  by  himself  or  others,  such  as 
occurred  near  the  times  when,  by  the  tables,  the  mean  longitude 
of  the  sun  was  any  given  quantity;  and  then,  by  proportion 
drawn  from  tho  daily  or  hourly  movement  of  the  plant-t,  sup- 
posed to  be  previously  and  approximativcly  known,  it  would  be 
easy  to  ascertain  those  longitudes  of  the  sun  and  planet  which 
render  the  elongations  coincident  in  quantity.  Methods  similu 
to  this  arc,  even  now,  employed  by  astronomers  in  determining 
the  elements  of  tlie  orbits  of  the  sun,  moon  and  planets. 

In  all  the  reasonings  above  exhibited  the  planets  have  beon 
supposed  to  mo('c  in  the  plane  of  tlie  zodiac,  or  of  the  sun's 
apparent  orbit  about  the  earth.  Ptolemy,  however,  was  well 
aware  that  tliey  were  sometimes  above  and,  at  other  times,  below 
that  plane :  he  was  aware,  also,  tJiat  Uie  latitude,  like  Uie  longi- 
tude, was  subject  to  two  inequalities ;  and,  in  the  thirteentJi  book 
of  the  Almagest,  he  enters  into  an  explanation  of  that  part  of  the 
planetary  theory.  He  supposes  the  plane  of  the  eccentric  of 
each  jjlonet  to  be  inclined  to  that  of  the  zodiac ;  the  plane  of 
the  epicycle  to  be  inclined  to  that  of  the  eccentric,  and  the  line 
of  nodes  produced  by  the  intersection  of  tho  eccentric  and  zoiliac 
to  pass  through  tlie  .earth  at  right  angles  to  tlie  line  of  the 
apsides  of  tlie  former.  The  frrst  of  the  inequalities  of  latitude 
he  calls. zodiacal,  and  makes  it  depend  on  the  position  of  the 
centre  of  the  epicycle,  the  other  which  he  calls  solar,  arises  from 
the  position  of  tlie  planet  in  the  epicycle. 

To  exhibit  tlie  positions  of  the  circles  mid  the  manner  in  which 
the  variations  of  latitude  take  place;  let  xv  [Plate  IV.  fig.  1.] 
be  tlie  plane  of  the  ecliptic ;  u  v  that  of  the  eccentric  circle  for 
any  superior  planet ;  let  £  be  the  earth  and  k  E  s  the  line  of  the 
nodes,  or  the  intersection  of  the  eccentric  and  ecliptic.     Also  let 
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a  plane  pass  tlirougli  e  perpendicularly  tu  the  line  of  Uie  nodes; 
ils  inlcrsection  with  the  eccentric  gives  ta,  the  line  of  the 
apsides  and,  with  the  ecliptic,  gives  p'  a',  the  projection  of  that 
line ;  and  the  angle  A  E  a'  is  the  invariable  inclination  of  tlic  two 
planes.  Let  a  be  the  centre  of  the  epicycle  when  in  apogeo ; 
tlicn  the  plane  of  the  epicycle  will  inlerwjct  that  of  the  eccentric 
in  M  N  perpendicularly  to  a  p,  ajid  let  k  a  q  be  tliat  diameter 
which  lies  in  the  plane  passing  through  pa  and  p'a';  the  angle 
K  A  E  will  be  the  greatest  inclination  of  the  epicycle  to 
eccentric. 

Now  when,  by  the  mean  motion  of  the  planet,  the  centre  of 
epicycle  moves  towards  R,  the  diameter  K  q  turns  about  thi 
centre,  and  its  inclination   to  tlic  plane  of  tlie  eccentric  ci 
tinually  diminishes  till,  when  the  centre  is  at   R,   the  line   E.i 
coincides  with  k'  q'  in  the  line  of  nodes  and  the  plane  of 
epicycle  coincides  with  that  of  the  ecliptic ;  so  that  the  plaai 
in  any  part  of  the  epicycle  has,  now,  no  latitude :  during 
movement  of  the  centre  tlie  diameter  m  n,  of  the  epicycle,  whi 
is   perpendicular  to   KQ,  moves  parallel  to  the  plane  of 
ecliptic  and,  at  R,  it  coincides  with  it,  and  takes  the  position 
M'  N',  parallel  to  p"  a'.  As  the  centre  of  the  epicycle  moves  from  R 
towards  p,  the  line  k'  q'  continues  to  turn,  and  becomes  inclined 
to  the  ecliptic ;  and,  when  the  centre  has  got  to  p,  it  coincii 
with  q"  K"  which  is  parallel  to  k  q  ;  the  diameter  m"  n",  also,  wl 
remains  parallel  to  the  ecliptic,  is  now  perpendicular  to 

The  angles  K  e  a'  and  P'  E  K",  which  are  those  of  tlie  greatest 
northern  and  southern  geocentric  latitudes  of  the  planet,  being 
givcu  by  observation,  the  radius  of  the  epicycle  and  the  di^ 
tances  of  its  centre  from  the  earth  being  also  known,  as  abott 
explmned,  Ptolemy  fuids  the  inclinations  a  E  A'  and  K  a  E.  Tba- 
former  is  evidendy  equal  to  the  maximum  of  Uie  first  inequaJihr 
of  the  planet's  latitude  ;  and,  when  the  centre  of  the  epicycle  is 
in  any  other  part  of  the  eccentric,  ils  latitude  will,  of  course,  be 
expressett  by  the  product  of  the  angle  a  e  a'  multiplied  into  the 
sine  of  the  aiigle  which  the  line  of  the  nodes  mokes  with  ODe 
drawn  from  r.  tu  tlic  actual  place  of  that  centre.  The  angle  kab 
also  diminishes  when  the  centre  of  the  epicycle  changes  its 
place,  in  the  proportion  of  radius  to  the  sine  of  the  angle  abore 
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meiiUoiied ;  oiid  the  sum  of  these  two  variable  angles  gives  the 
value  of  the  latitude  in  any  part  of  the  planet's  urbit. 

For  the  latitudes  of  the  inferior  planets  Ptolemy  proposes  a. 
similar  hypothesis ;  but  he  supposes  the  tiichnation  of  the  eecen- 
irie  to  the  ecliptic  to  be  so  small  that  it  may  be  disregarded,  and 
he  gives  to  the  plane  of  the  epicycle  a  double  inclination  to  the 
plane  of  the  eccentric  or  ratlier,  of  the  eehplic,  so  that  the  lines 
K  g  and  M  N,  of  the  a]i8ide8  of  the  epicycle,  may  be  sometimes 
in  the  plane  of  this  circle  and,  at  other  times,  above  or  below 
it ;  and  be  exhibits  tliis  double  and  variable  inclination  by  giWng 
to  the  hues  K  a  q  and  man  conical  movements  upon  A  as  a  ver- 
tex, as  if  tlie  points  k  and  N  turned  upon  the  circumferences  of 
two  small  circles  peqiendicular  to  the  plane  of  tlie  eccentric  and 
having  their  centres  in  Uiat  plane,  in  such  a  manner  that  when 
either  line  lay  in  the  eccentric  the  otlier  might,  at  one  end,  be 
at  its  greatest  elevation  above  that  plane  and,  at  tlie  other  end, 
as  much  below.  Tliis  contrivance,  of  a  double  inchnation,  or  as 
Ptolemy  expresses  it,  of  an  inclination  and  obliquation  was,  as 
Delambre  observes,  rendered  neccessary  by  that  variation  in  the 
place  of  the  centre  of  mean  distances  which  has  been  described 
in  spealiing  of  Mercury's  orbit ;  for  by  thus,  alternately,  bringing 
the  planet  nearer  to,  and  carrying  it  liirtlicr  from  the  earth'  than 
it  would  be  if  the  centre  of  the  epicycle  moved  upon  a  simple 
eccentric,  its  geocentric  latitude  would  be  augmented  and  di- 
minished nearly  in  proportion  to  the  variation  of  its  distance, 
wliieh  is  contrary  to  the  {ilienomcna  obsened ;  and  tlie  conical 
movement  of  the  radii  of  the  epicycle  was  thought  capable  of 
correcting  tlie  error.  Knowing  tlie  dimensions  of  the  eccentric 
and  epicycle,  with  the  obsened  geocentric  latitudes  of  the  planet 
when  at  k  and  M,  it  was  easy  to  determine  the  inclinations  of 
the  two  diameters  of  the  epicycle  to  the  plane  of  tlie  ecliptic 
and  the  diamctcis  of  the  small  circles  on  whose  circumferences 
those  points  K  and  M  were  supposed  to  move.  In  the  orbit  of 
the  moon,  tlie  plane  of  the  epicycle  is  supposed  to  coincide  with 
that  of  the  eccentric ;  and  the  inclination  of  this  plane  to  the 
echptic  was  found  by  the  metliod  shewn  in  the  explanation  of  the 
lunar  theory*.  The  errors  in  the  places  of  the  planets  when 
•  Cb»p.  XI. 
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computed  by  tlie  hypothesis  proposed  by  Ptolemy,  for  the  pur- 
pose of  exhibiting  the  rariations  of  their  movemonts  both  irilh 
respect  to  longitude  and  latitude  were,  probaI>ly,  witfain  the  limits 
of  those  of  the  obsenatious  made  iu  his  age ;  but  thcj  will  be 
found  too  great,  when  a  compariijon  is  made  of  the  places  thus 
computed  n'ith  those  obtained  from  modem  observations,  to 
permit  the  system  of  Ptolemy  to  stand  io  competition  with  that 
which  is  now  received ;  and,  indeed,  the  former  is  worthy  of 
notice  chiefly  on  account  of  tlie  ingenuity  displayed  in  tlie 
vaiiouE  devices  adopted  to  produce  an  accordance  between  the 
deductions  from  theoiy  and  the  results  of  obsenation.  Tlie 
tnacbinery  of  the  heavens  which  is  described  in  tlic  works  of 
Ptolemy  appeared  even  to  that  astronomer  somewhat  com- 
plicated; and  he  endeavours*  to  apologise  for  it  by  obscrviirg 
that  we  ought  not  to  judge  of  celestial  things  by  our  idcaa  of 
simplicity,  which  are  not  perfectly  fixed  and  cert^,  but  rather 
by  ideas  drawn  from  the  perfection  and  immuUbihty  of 
celestial  motions  themselves ;  according  to  which,  as  be  allej 
the  most  complex  subjects  may  a)ipear  more  simple,  in  rci 
than  those  which,  to  us,  seem  to  possess  that  quahty  in  the  highcti 
degree. 

Tlie  ancient  philosophers  having  no  means  of  determining  ifae 
relative  distances  of  the  earth,  sun  and  planets ;  and  not 
able  to  distinguish  Uic  phases  of  Mercury  and  Venus, 
shew  them  to  be  alternately  beyond  the  sun  and  between  U 
and  the  earth,  coidd  have  no  evidence  to  disprove  the  opinion 
that  the  revolutions  of  all  tlte  planets  respected  the  eartti  as  ■ 
centre  rather  than  the  sun  :  yet  about  the  time  of  Ptolemy,  if 
not,  as  we  have  already  hinted,  (Chap.  IV.,]  much 
ly,  a  system  must  have  been  popular  which,  in  the  positions 
assigns  to  the  orbits  of  the  inferior  planets,  has  some  resemblance 
to  iJiat  invented  by  Tjcho  Brolie  in  a  later  age.  This  appears 
from  a  passage  in  Pliny  "  where  the  writer,  cndeavoiuing  to  giro 
a  reason  why  the  last  mentioned  planets  did  not  deviate  iar  from 
the  sun,  says  it  is  because  their  circles  return  u])on  themselves 
and  have  tliat  port  below  the  sun  which  the  others  have  above 
now  tliesc  circles  can  oidy  be  Uie  epicycles,  in  which  iho 
*  Almagni,  Lib.  XIII.  op.  3.  ■  Nal.  But.  Lib.  U.  up.  I 
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iiioviiig,  vrhen  it  arrives  at  the  point  where  a  Tiaual  ray  froni 
the  earth  is  a  tangent  to  the  orbit,  it  appears  to  return  towards 
the  sua ;  and  the  part  said  to  be  above  the  sun  is,  doubtless,  the 
perigeum  which,  in  the  superior  ])laiiets,  is  beyond,  while  in 
the  inferior  planets  it  is  within  the  solar  orbit.  The  description 
certainly  agrees  with  the  snpposition  that  these  planets  revolve 
about  the  sun,  and  aj>pear8  to  have  been  expressly  framed  in 
opposition  to  tlie  idea  tliat  the  earth  is  the  centre  of  llieir  motion. 
But  the  hyiwtliesis  which  we  infer  from  the  language  of  Phny 
is  more  explicitly  announced  by  Vitruvius  ',  who  is  supposed  to 
liave  lived  in  the  time  of  Augustus  or,  as  some  think,  of  Ves- 
pasian ;  and,  as  the  description  of  the  Universe  given  by  tliis 
engineer  contains,  concerning  the  attractive  principle,  a  curious 
notion  which,  probably,  was  then  generally  admitted  among  phi- 
losophers, it  may  not  be  improper  to  introduce  that  dcscriiition 
in  this  place. 

The  earth,  he  says,  is  placed  in  the  centre,  and  the  heavens 
with  the  twelve  signs  revolve  about  it  on  the  cardinal,  or 
polar  axis.  Mercury  and  Venus  are  the  planets  nearest  to  the 
rays  of  the  sun,  and  move  round  the  latter  as  a  centre,  appearing 
sometimes  progressive,  sometimes  retrograde  and,  occasionally, 
fitationart'  among  the  signs.  "  Mercvrit  autem  et  Veneris  siellts 
circum  talis  radios,  solem  ipsum,  uli  centrum,  itineribtu  coro- 
nantes,  regressua  retrorsum  et  retardationcs  faciunt.  Etiam 
stattonibun,  propter  earn  circinaHonem,  morantar  in  spatHa 
siffnorum."  He  describes  Venus  as,  alternately,  a  morning  and 
an  e\'ening  star,  and  observes  that  she  does  not  remain  an  equal 
number  of  days  in  each  sign ;  but  after  being  delayed  in  some, 
she  escapes  from  the  impediment,  (which  he  afterwards  considers 
as  caused  by  the  sun's  rays,)  and  quickly  passes  through  the  rest 
of  the  orbit.  He  slates,  agreeably  to  the  notion  of  Aristotle,  that 
all  the  planets  move  n-itli  equal  velocities ;  and  that,  on  account 
of  their  different  distances  from  the  earth,  they  accomplish  their 
revolutions  about  it  in  different  times,  which  he  illustrates,  and  the 
same  idea  is  expressed  by  Cleomedes '',  by  suppodng  seven 
ants  to  be  placed  in  as  many  circ<ilar  grooves  cut  in  the  plane 
of  a  potter's  wheel,  at  different  distances  from  the  centre,  and  to 
'  De  ArcUlMniTB,  Lib.  IX.  cap.  4.  "  De  Cont«nipUllone,  Lib.  I.  tuf.  3. 
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be  made  lo  move  with  equal  velocities  iu  one  direction  whilr  ti 
wheel  iljielf  revolves  in  the  opposite;  he  compares  this  motion d 
the  wheel  to  the  diumal  motion  of  the  heavens  and,  therefiOT 
the  whole  illutitration  would  seem  to  be  formed  from  the  t 
hypothesis  of  concentric  spheres,  but  it  is  probable  that  nothin 
more  was  meant  than  to  prove,  in  a  manner  whicli  should  be  iikI 
telligible  to  common  minds,  that  the  observed  periodical  revo- 
lutions of  the  planets  «ere  compatible  with  the  opinion  of  their 
equal  movements ;  and  that  no  attention  was  paid  to  the  real  | 
orbits.     lie  makes  the  durations  of  the  revolutions  o£  the  supi 
rior  planets  nearly  tlie  same  as  tliose  assigned  in  the  moda 
aslronomy  to  the  sidereal  years  of  these  planets ;  that  of  Mercm 
is  stated  at  SCO  days  which,  probably,  arc  intended  to  expre 
the  time  of  a  mean  revolution,  being  nearly  the  some  as  that  o 
the  snn  ;  but  the  revolution  of  Venus  is  sdd  to  be  accomplished 
in  485  days,  and,  if  this  is  not  a  mistake,  we  can  only  ii 
it  to  refer  to  the  time  which  may  have  been  observed  to  elapse^l 
between  tlie  greatest  elongation  of  the  planet  on  the  western  sid«, 
and  Ihat  on  the  eastern  side  of  the  sun,  which  is  known  to  be 
about  440  days. 

Some  persons,  he  says,  are  of  opinion  that  the  stationary  and 
retrograde  appearances  of  the  superior  planets  are  citused  by  the 
greatness  of  their  distance  from  the  sun,  at  Die  times  when  those 
phenomena  occur;  which  rendering  his  light  loo  faint,  Iheit 
motion  is  retarded  by  the  obscurity ;  but  he  asserts  that  he  ia  of 
a  different  ojtinion ;  giving,  aa  a  reason,  tliat  the  sim's  rays  fill 
all  tlic  heavens  and,  therefore,  must  always  enhghten  the  divine 
planets.  He  thinks  those  appearances  may  be  caused  by  the 
action  of  heat  which,  he  saytf,  attracts  all  things  to  itself;  and, 
to  explain  Jiis  meaning,  he  observes  that  the  sun  extends  his 
rays  in  the  form  of  an  equilateral  triangle,  and  that  these  attract 
or  accelerate  the  bodies  which  follow  him  while  they  retard  those 
which  precede  him,  drawing  them  back,  as  it  were,  towards  him. 
It  is  difhcult  to  conceive  what  is  to  be  understood  by  the  Bolar 
rays  being  extended  in  the  form  of  a  triangle  but,  as  he  observes 
also,  that  if  the  rays  from  the  sun  were  bounded  by  a  circle,  or 
sphere,  the  bodies  nearest  the  sun  would  be  bunied  up,  it  seeon 
that  he  supposed  the  mattn*  of  light  or  heat,  without  diminishing 
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ill  density,  lo  extend  itself  every  way  us  it  recedes  from  the  sun 
ill  llie  same  mauner  as  the  breadth  of  a  triangle  increases  from 
one  of  the  angles  to  llie  opposite  side ;  the  otlier  expression  ap- 
pearing lo  imply  an  opinion  tliat,  if  the  light  or  heat  diminished 
in  density  as  it  receded  from  tlie  centre,  which  would  be  the 
case  if  it  issued  from  the  sun  in  right  lines  like  the  radii  of  a 
circle,  the  heat  near  the  sun  nmst  be  so  much  greater  than  we 
iiiid  it  to  be  in  the  region  of  the  earth,  that  the  moon  and  infe- 
rior planets  would  be  destroyed.  . 

In  those  times  the  physical  principle  by  which  the  parts  of 
the  universe  are  connected  together  must  have  been  very  faintly 
apprehended ;  for  though  many  passages  in  ancient  auUiors  seem 
to  imply  a  knowledge  of  the  existence  of  an  attractive  quality  in 
nature,  like  that  which  ^'ilruvius  supposes  to  reside  in  the  solar 
light  or  heat,  and  daily  observation  must  have  shewn  that  a 
heavy  body,  if  unsupported,  falls  to  the  earth ;  yet  so  little  were 
the  ancients  able  to  discern  the  consequences  which  must  rcsidt 
from  such  a  tendency  that,  as  lar  as  wc  can  discover,  they  never 
Busperted  the  power  by  which  all  bodies  near  llie  cartli  descend 
towards  its  surfiKe  to  be  tlie  cause  which  renders  their  rise  from 
that  siofacc  impossible  witiiout  the  application  of  some  superior 
force.  This  we  infer  from  the  language  of  Pliny,  in  answer  to 
the  question,  (which  seems,  then,  to  have  been  frequently  pro- 
posed,) whetlier  or  not  tbere  were  antipodes  to  the  inhabitants 
of  our  hemisphere  ?  and  if  so,  why  they  do  not  fall  from  the  earth  ? 
He  obsenes,  justly,  that  the  latter  question  may  as  properly  bo 
made  concerning  ourselves  by  the  inhabitants  of  the  other  hemi- 
sphere, but  his  reply  is  nothing  more  than  an  assertion  that  such 
a  ikll  would  bEkcontrary  to  Nature,  since  she  has  refused  a  place 
lo  which  terrestrial  bodies  may  lend  in  that  direction.  The  im- 
perfeclion  of  the  sciences  was  not,  however,  unfelt  by  many  of 
the  learned  among  the  ancients ;  nor  did  it  escape  the  penetra- 
tion of  one  frho  most  justly  deserved  the  name  of  a  philosopher, 
that  they  wotdd,  with  the  progress  of  time,  receive  those  im- 
provements which  have  actually  taken  place ;  Seneca,  contem- 
plating the  state  of  astronomy,  observes  *  thai  it  was  only  since 
fifteen  htmdred  years  before  his  time,  the  Greeks  had  given 
■  Nm.  Qimn.  Lib.  VII.  op.  26. 
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names  to  the  stars,  and  that  there  were  still  many  nations  who  onlj 
knew  the  heavens  by  sight ;  but,  with  a  prophetic  spirit,  he  says, 
"  the  time  will  come  when  posterity  will  be  surprised  that  we 
could  be  ignorant  of  things  the  knowledge  of  which  might  be  so 
easily  acquired;  and  some  one  will  at  length  arise  who  shall 
teach  men  the  paths  of  the  comets,  their  magnitude  and  number, 
and  why  they  deviate  so  far  from  the  routes  of  the  planets. 
How  many  things**  he  adds,  "  are  beyond  the  reach  of  human 
inteUigence ;  and  how  small  is  the  part  of  the  universe  which  is 
accessible  to  our  knowledge  ;  even  the  Deity  himself  is  no  better 
known  to  us.**  Let  it  be  observed  here,  that  the  fifteen  hundred 
years  mentioned  above,  would  carry  us  back  to  a  period  more 
remote  than  the  origin  of  the  Greek  astronomy ;  and  it  is  pro- 
bable that  Seneca  confounds  the  science  of  the  Greeks  with 
that  of  the  Egyptians  and  Chaldeans. 
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WOHxa   or  THE   ARABIAN    ASTRONOMERS. 

Decline  of  Aatnmuinj  arter  the  deitructiun  at  the  Raman  Empire.— The 
Araliiuis  Bdopi  the  hypnthesM  of  HippBrchin  and  PtolDmy.— Their  im- 
pruvemrntt  in  pure  msthem alien.  -  Destruction  of  the  Aleiandrian  library. — 
Meuuriment  of  Bnarcof  the  lerml rial  meridian  in  Syria — Tlie  hypotheiia 
of  a  libratioii  of  the  equinoctial  polnu  supposed  tu  have  been  conrdvcd  in 
(he  »ge  of  Ptolemy.— The  opinion  adopted  by  the  Arabians.— TLo  hypothesis 
of  material  spheres  adupied  by  the  ssnie  people-— Manner  of  repreuuting 
the  effects  of  the  supposed  libration. — Delennioation  of  the  obliquity  of  the 
ecliptic  by  AlbaCet^ius. — The  length  of  the  year  aud  the  elements  of  the 
sokr  orbit  determined. —The  elemeiiti  of  the  lunar  orbit  adopted  from 
Ptolemy — Ojiiuions  toncerning  the  distances  of  the  planets. — Reseftrche*  of 
Ibn  Jounis.  —  Vidiies  nuignod  by  the  Amhjant  to  the  general  precensiim. — 
Aatraniiinical  tables  computed  by  the  name  puople. — The  comtclion  for  rc- 
fraelion  introduced. — Observntnriei  estaliHibed  at  Alaragali  and  Samarcand. 

The  science  which  we  have  seen  glimmering  through  the  ob- 
scurity enveloping  the  ancient  history  of  the  Egyptian  and  Assy- 
rian empires,  and  shining  n-ilfa  a  steady  lustre  over  the  territories 
suhject  to  Grecian  inflneiice,  was  marked  in  its  progress  by  just 
such  steps  as  might  be  expected  to  be  taken  by  an  intelligent 
and  industrious  people,  who  persevered  in  tlieir  application  to 
the  subject  till  they  had  brought  it  to  the  highest  degree  of  per- 
fection which  their  means  permitted ;  and  it  is  highly  probable 
that,  had  the  poUtical  existence  of  the  Greeian  states  been  ex- 
tended to  a  later  period,  the  modems  would  have  been  antici- 
pated in  the  discover)'  of  that  law  which  has  enabled  them  to 
unfold  all  the  mechanism  of  the  universe.  But  the  iron  hand  of 
Roman  despotism  cnished  the  intellectual  energies  of  the  people, 
and  annihilated  the  sciences  both  of  Greece  and  Egj-pl :  then, 
instead  of  a  nation  ennobled  by  Uie  culture  of  a  sublime  philo- 
sophy, and  adorned  with  the  elegant  arts,  history  reveals  to  us 
a  people  of  soldiers,  originally  occupying  only  a  nan'ow  district 
of  Italy,  but,  subsequently,  becoming  the  conquerors  of  the  most 
powerful  nations  of  antiquity  and  rulers  of  that  vast  porliun  of 


390  WOKKS   OP   TtlK  [Cl 

the  earth  which  extends  from  the  Atlantic  to  the  Indian  Ocean; 
who,  in  ignorance  of  Uiat  which  constitutes  true  glory,  sought 
theirs  only  in  warlike  achievements  ;  or  ratlicr,  who,  in  accord- 
ance with  the  precepts  of  the  poet,  left  to  others  the  care  of  ex- 
plaining the  form  of  the  heavens  and  the  courses  of  the  stara, 
and  devoted  t}io  energies  of  Uicir  minds  to  the  arts  of  suhjuga- 
tion  and  government'.  Uiuing  the  existence  of  a  nation  influ- 
enced by  such  precepts  it  was  impossible  that  astronomj  or  the 
other  sciences  should  flourish,  and  the  destruction  of  the  giant 
empire  wa^  followed  by  a  long  nighl  of  barbarism  and  ignorance. 
This  continued  till  the  ninth  century  of  the  Christian  era,  when 
the  successors  of  Mohammed  had  carried  their  arms  and  their 
religion  over  all  those  provinces  of  Asia  and  Africa  which,  during 
so  many  ages,  had  been  niled  by  the  sovereigns  of  the  "  elcmal 
city  C  &nd  till  a  new  race  arose  in  the  west,  which,  reviving  the 
smothered  fires  of  ancient  learning,  pi-oduced  a  flame  whose 
steady  brilliancy  seems  destined  to  enhghtcn  every  region  of  tbo 
earth. 

But  to  what  eon  be  ascribed  this  change,  which  caosed  so 
dark  a  veil  to  overspread  the  sun  of  ancient  science,  literatinv, 
and  art,  in  countries  where  these  had  ])reviously  been  so  highly 
cultivated  f  The  only  plausible  answer  to  this  question  is,  that 
while  the  empire  of  Rome  subsisted  and  held  those  countries  in 
subjeclion,  that  portion  of  the  revenues  of  tlie  states  which  should 
have  been  consecrated  to  tlie  support  of  the  public  seminaries 
was  expended  in  foreign  wars ;  and  that,  among  the  rich  and 
powerful,  a  relish  for  merely  sensual  luxuries  had  superseded  the 
taste  for  pleasures  of  an  intellectual  nature :  when  learning  ceases 
to  be  patronized  by  a  government,  or  when  it  is  no  longer  es- 
teemed a  quahfication  for  ronlf  in  society,  it  soon  ceases  to  l>c 
cultivated;  and  tlie  paiufril  appUcation  of  tlic  mind  which  is 
necessary  to  attain  proficiency  in  it  is  too  oflen  gladly  dispensed 
with  by  persons  whose  interest  it  does  not  immediately  promote. 

Before  the  invention  of  printing,  books  were  rare  and  costly, 

therefore  not  generally  difliise<li  and  it  must  have  been   in  the 

power  of  those  jtersons  only  who  were  in  possession  of  considerable 

wealth  hi  plnci'lht-msclvcs  under  the  tuition  of  some  philosopi 

•  JF.naUlat.  l.ik  VI.  iter.  8U>. 
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who,  perhaps,  resided  in  a  diebuit  country ;  hence  the  number 
of  students  could  never  have  been  considerable  in  the  ancient 
world,  and  tliis  number  would  naturally  be  diminished  when 
the  stimulus  to  exertion  was  witlidrawn.  It  is  certain,  also,  that 
an  ambitious  priesthood,  from  a  love  of  the  power  which  supe- 
rior science  has  always  conferred  on  tliosc  who  possess  it,  with- 
held from  the  liuty  the  instruction  it  was  its  duly  to  communicate, 
in  order  to  preserve  a  niono])oly  of  learning  within  its  own  esta- 
blishments i  and,  as  might  be  expected  from  such  policy,  it 
happened  that,  in  proportion  as  knowledge  declined  among  the 
people,  it  declined  also  among  the  clergy  till,  at  length,  all  were 
enveloped  in  one  common  cloud  of  ignorance  and  superstition. 

The  immediate  successors  of  Flolemy  appear  to  have  been  t«o 
well  satisfied  with  the  works  of  that  illustrious  astronomer  to 
attempt  any  alteration  in  the  theory  he  had  so  extensively  de- 
veloped, and  ages  undistinguished  by  any  originality  of  con- 
ception or  brilliancy  of  talent,  succeeded  the  publication  of  the 
Almat/esf.  The  second  Theon,  Pappus,  and  Simplicius  are  justly 
celebrated  as  cunimentatnrB  of  Ptolemy,  Aristarchus,  and  Aristo- 
tle ;  but  the  other  persons  who  held  the  chair  of  pliilosophy  in 
the  ea.st,  from  the  second  to  the  niuth  centurj',  are  chiefly  known 
as  compilers  of  mathematical  elements,  in  which  occm-  only  some 
occasional  notices  of  astronomy :  the  low  state  of  the  science 
within  this  period  may  be  concluded  from  the  language  of  Isido- 
rus  of  Seville,  who,  in  the  seventh  century,  and  in  a  work  in- 
tended for  tlie  learned,  gravely  states  that  the  rising  sun  is  scot 
at  the  same  moment  in  Britain  and  India ;  that  the  sla,rs  are 
sustained  and  guided  by  angels,  and  that  the  universe  turns  on  a 
material  axis  whieb  is  prevented  from  taking  fire,  in  conse<nicnco 
of  the  friction,  by  water  descending  on  it  from  heaven. 

The  Sj-ntaxis  of  Ptolemy  still  remained  the  text  book  of  the 
schools,  and  tlic  Arabians,  who  rekindled  the  science,  did  it 
fi?om  the  lamp  which  had  been  burning,  tliough  with  continually 
declining  lustre,  in  the  Institution  of  Alexandria;  but  it  is  not 
lo  l)e  expecte<l  tlial,  during  the  short  period  in  which  the  Khalife 
were  able  to  aflbrd  patronage  to  tlie  leanied,  the  fotmdatinn  of 
astronomy  should  be  renewed ;  in  fact  llie  hypothesis  eonecming 

r  -2 


392  woaiu  of  thk  [a 

Uie  sTstem  of  the  unireise,  which  had  been  received  by  Hrppsr- 
chas  and  Ptolemy  from  the  inventor,  appe^ng  to  the  Arabians 
conronnable  to  reason  and  venerable  from  its  aDtiqnilT,  was  by 
ihem  onhesilalingly  adopted ;  and  their  energies  were  simply 
directcfl  to  the  improvement  of  the  means  of  making  observa- 
tions, aiid  of  the  rules  by  which  the  occurrence  of  phenomeiu 
were  compnted :  these  were,  indeed,  objects  of  imponaace,  since 
the  one  contrihutni  to  the  estabhsbment  of  correct  data,  and  the 
other,  to  diminish  the  lnhoiira  of  succeeding  maiheniaticians,  hut 
they  are  not  to  be  compared  with  the  science  which  teaches  the 
deduction  of  the  celestial  phenomena  from  the  general  laws  of 
nattire. 

Trigonometry  is  especially  indebted  to  the  Araliians  fur  the 
introduction  of  two  nen-  functions  by  which  its  formuts  are  con- 
siderably simplihed  ;  these  are  the  sincn  and  taugenlt  of  circular 
arcs ;  the  former  was  substituted  for  the  chords  which  had  been 
invented  by  Ilijtparchus  and  used  ever  since  his  time ;  the  others, 
which  were  at  tirst  called  shailows,  seem  to  have  been  suggestnl 
by  the  practice  of  making  observations  on  tlie  sun,  with  the 
gnomon ;  for  the  length  of  the  shadow  cast  by  a  pillar  i 
dently  equal  to  the  tangent  of  tlie  zenith  distance  of  the  celei 
body,  supposed  to  he  reckoned  on  an  arc  of  a  circle  whose  r 
is  equal  to  the  height  of  the  ptllur.  TbcNe  functions  appear  to 
have  been  first  iLsed  m  Ingonometrical  operations  by  Albateg- 
niii9,  who  lived  about  the  year  870  of  the  Christian  era ;  aiid 
if,  as  is  asserted  by  Lucas  di  Borgo,  who  first,  in  EuropC) ' 
lished  a  treatise  on  algebra,  that  art  was  discovered  by 
ArabiaoH,  it  must  be  acknowledged  that  these  people  have  c 
forred  ujKtn  the  sciences  an  obligation  of  the  highest  order  n 
bequeatliing  to  succeeding  mathematicians  the  most  powei 
instrument  by  which  physical  propositions,  and  particulariy 
tliosc  relating  to  astronomy,  can  be  investigated.  The  honour 
of  inventing  the  numeral  characters,  and  tlic  decimal  scale  of 
values  at  present  almost  universally  employed,  by  which  the 
processes  of  computation  have  been  so  uiuch  facilitated  when 
compared  with  those  rendered  necessary  by  the  Greek  notalioo, 
may  \n-  conies  ted  between  the  Arabians  and  the  Hindus,  yet  ti 
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former  people  have  aD  indubitable  claim  to  our  (gratitude  since 
they  were  tlie  mean^  of  introducing  that  impoilant  algorithm  to 
the  learned  of  Europe. 

A  great  merit  of  the  Mohammedan  philosophers  consists  in 
having  availed  themselves  of  tlie  opporttuiities  afforded  hy  the 
fine  climate  of  Kgy|)t  and  Syria  to  make  numerous  and,  for  tliat 
age,  accurate  observations  on  the  sun  and  fixed  stars,  hy  which 
the  apparent  movements  of  those  celestial  bodies,  became  much 
more  perfectly  known  than  before ;  it  does  not  appear,  however, 
tliat  they  invented  any  new  instruments  for  this  purpose,  and  it 
is  rather  probable  thai  they  employed  only  such  as  are  described 
by  Ptolemy,  but,  perhaps,  made  of  larger  size  and  more  correctly, 
as  well  as  more  minutely,  jtrathiated ;  and  as  wo  read  of  several 
persons  who  bore  the  designation  of  .VI aster! abi,  or  makers  of 
astrolabes,  it  is  probable  that  the  extent  of  the  demand  for  sncli 
instruments  jiennitted  individuals  to  apply  themselves  particu- 
larly to  their  construction.  Albategnius,  speaking  of  the  instru- 
ment which  he  used  in  his  observations  for  finding  tlie  zenith 
distances  of  celestial  bodies,  says*  it  was  fiunished  with  a  very 
long  alidade,  whose  nature  and  use,  he  adds,  is  explained  iu  the 
Almagest ;  and  it  a]>pears  to  have  been  graduated  iu  minutes  of 
a  degree :  a  similar  uistmment  was  subsequently  constructed  for 
the  observatory  at  Maragah,  having  an  alidade  5^  cubits  long ; 
and  it  is  evident  that  both  must  have  resembled  the  parallactic 
rods  mentioned  by  Ptolemy.  The  Arabian  astronomer,  Geber, 
also,  made  use  of  an  armillary  instrument  which  was  capable  of 
tuniing  on  its  supports,  so  that  the  principal  circle  coidd  be 
placed  at  pleasure  in  the  plane  of  the  meridian^  the  equator,  o 
the  ecliptic ;  and  thus  there  might  be  obtained  the  meridional 
zenith  distances,  the  right  ascensions  and  declinations,  or  the 
longitudes  and  latitudes  of  celestial  bodies.  The  circle  seems  to 
have  been  about  four  feet  in  diameter ;  and  mention  is  made  of 
an  auxiliary  arc,  equal  to  a  quadrant,  whose  radius  was  of  greater 
length  than  tliat  of  the  circle  and  which,  being  still  more 
minutely  graduated,  gave,  with  superior  correctness,  the  values 
of  the  angles  taken  by  the  annilla  itself. 

The  commencement  of  the  Arabian  empire  was  marked  by  an 
*  I>c  Scientii  SteJUrura,  cap.  4. 
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event  which  seemed  at  first  to  threaten  the  total  extiurtiaii, 
rather  tlian  promise  the  advancement  of  literatnre  antl  science; 
we  mean  the  destruction  of  the  splendid  library  fonncd  bj  the  mn- 
nificencc  of  the  Egyptian  sovereigns,  at  Alexandria.  The  fana- 
ticism wliich  dictated  the  order  for  consuming  that  immense  coj- 
lectton  of  the  treasures  of  ancient  learning,  certainly  does  not 
seem  consistent  with  the  hherality  subsequently  displayed  m 
the  efforts  made  to  repair  the  loss  by  the  acquisition  of  ererj 
valuable  work  that  eould  be  procured ;  nor  could  it  bare  been 
foreseen  that  a  people  who  considered  all  necessaiy  eradidon  lo 
be  contained  in  the  korau  should  become  the  promoters  of  that 
which  originated  among,  and  was  cultivated  by  the  idolaton 
Asia  and  Europe,  Yet  such  was  the  fact:  tlie  charms 
"  sacred  numbers"  which  had,  from  all  antiquity,  been  felt 
Arabia,  probably  led,  after  the  rage  of  conquest  was  satisfied, 
the  study  of  the  poets  and,  subsequently,  of  the  moralists 
historians  of  the  West ;  and  the  worship  of  the  heavenly  host, 
less  ancient,  nor  less  generally  diffused  among  the  Arabian  tribes, 
as  probably  gave  an  interest  to  tlie  astronomical  works  of  Ibo 
Greeks,  tlie  study  of  wliich  necessarily  led  to  the  practice  of 
diligently  observing  the  stars,  aud  supplied  a  motive  for  the 
cultivation  of  pure  matlicmatics.  Thur;,  as  the  cloqaent  BaiUy 
observes*,  like  children  who  destroy  the  things  they  possess 
then  weep  over  their  loss,  the  Arabs  came  to  seek  the  light 
knowledge  at  Alexandria,  where  they  had  endeavoured  to  esi 
guish  it ;  and  removed  the  auhes  which  remained,  that 
might  collect  what  the  fire  and  their  barbarism  had  spared. 

llie  determination  of  the  magnitude  of  the  earth  we  inhabit 
seems  to  have  been  one  of  tlie  first  objects  attempted  by  the 
Arabians ;  and  Al-Mdmon,  tlie  son  of  the  famous  Aaron-AI- 
Raschid,  who  was  seated  on  the  tlironc  of  Bagdad  in  the  yew 
B14  of  our  era,  appointed  the  best  matliemalicians  of  his  aga 
and  country  lo  measure  the  length  of  a  degree  of  the 
meridian  in  order,  as  it  is  expressly  stated,  to  verily  the  Taln^i 
obtained  by  Eratosthenes  and  Ptolemy-  Wc  learn  from 
translated  manuscript  ttf  Ibn-lounis,  an  astronomer  who  liTt 
about  the  year  1000,  that  tliese  matliomaticians  were  diri 
*  lliit.  de  I'  AitnuuHiiie  Modemt,  Lir.  VI. 
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inlo  two  parties ;  that  one  party  by  stretching  cords  50  cubits 
long  from  south  to  north  in  succession,  hetweeii  Waael  and 
Tadinor,  measured  in  the  direction  of  the  nicridian  a  certain 
space  which  they  made  equal  to  200,500  cubits  in  length,  and 
whose  extremities  differed  in  latitude  by  one  degree ;  and  that 
the  other  party  measured,  in  the  plain  of  Singiar,  also  a  degree 
of  latitude  which  they  found  to  be  nearly  of  the  same  length, 
tlic  difference  between  them  being  about -^  of  the  terrestrial  arc*. 
The  length  above  assigned  to  the  degree  of  the  meridian  was 
staled  by  the  persons  who  perfonned  the  operation  to  be  the 
same  as  that  given  by  Ptolemy  ;  its  precise  value  woidd  bo  of 
small  importance  at  present,  even  if  it  could  be  ascertained,  on 
account  of  tlie  probable  inaccuracies  of  the  admeasurement;  but 
the  greatest  uncertainty  prevails  respecting  the  length  of  the  cubit 
here  employed ;  for  some  of  tlie  Arabian  geographers  make  it 
equal  to  6  palms,  Umt  is,  to  about  2  English  feet,  while  the 
Jewish  astronomer  Abraham  asserts  that  the  mathematicians  of 
Al  Maimou  used  a  cubit  whose  lengtli  was  4  pahns,  or  about  16 
inches  i  and  according  as  we  adopt  the  first  or  second  of  these 
values,  tlie  length  of  the  degree  would  be  about  7fi,  or  51  English 
miles  respectively.  Alfraganus  relates "  that  "  the  learned  men 
who,  iu  the  time  of  Al  Maimon,  measured  the  length  of  a  degree 
made  it  equal  to  Stt^  miles,  each  containing  4000  royal  cubits:^ 
and,  if  wo  take  the  mean  length  of  a  degree  of  the  meridian  to 
be  09  English  miles,  it  will  bo  found  that  the  royal  cubit  must 
have  been  equal  to  19^  inclics. 

It  seems  probable  Ihat  some  of  iho  more  ancient  astronomers 
occasionally  reckoned  tlie  longitudes  of  the  stan  not  from  tlie 
true  equinoctial  point,  but  from  some  fixed  star  whose  ecliptic 
place  was  considered  as  ihc  origin  of  the  longitudes,  just  as  some 
terrestrial  meridian  arbitrarily  chosen  is  now  used  for  the  origin 
of  the  longitudes  of  places  on  the  earth  ;  and  the  registers  of  iho 
ancient  observations  not  being  always  accompanied  by  a  desig- 
nation of  the  assumed  origin  of  the  celestial  lon^tudes,  it  has 
happened  tltat,  iu  comparing  such  ubsenatious  with  others  made 
on  the  same  stars  when  the  longitudes  were  really  reckoned  from 
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the  eqtuDox',  a  mistaken  Dolion  arose  concerning  the  posiion 
the  venial  equinox ;  which  was,  thence,  supposed  to  be  sat^ect 
variabihly  of  inovemout  independeut  of  tlie  prixressiou,  and 
advance  and  retrograde  alternately  upon  the  ecliptic,  nithin 
tain  liuiils,  about  its  mean  place,   llie  idea  of  this  oiovecneDi  of 
trepidation,  as  it  was  called,  appears  to  have  been  eutertained 
in  or  before  the  time  of  Ptolemy ;  tlioiigh  as  tliis  astronomer  docs 
not  notice  such  a  modou,  in  his  works,  it  is  eddent  that  he 
must  liavc  considered  it  as  unsupported  by  any  observations 
worthy  of  confidence.     Thcon,  his  commentator,  alleges  thai' 
the  opinion  was  maintained  by  the  ancient  astronomers,  prob»-i 
biy  meaning  the  professors  of  the  art  of  astrolog}',  who  appeal 
always  to  have  held  notions  which  formed  no  part  of  the  crc«d 
of  men  of  real  science;  and  he  adds  that  the  extent  of  Uie  motion 
was   said  to  be  8  degrees  on   each  side  of  the  mcaa  place: 
he  makes  the  rate  of  motion  equal  to  one  degree  in  80  years; 
BO  that  the  equinoctial  and  solsticial  points  must  have  been  sup< 
posed  to  come,  at  the  end  of  every  period  of  1280  years, 
Uiose  points  of  the  ecliptic  which  they  would  hare  arrived  at  bf", 
the  general  precession. 

The  particular  data  on  which  Uie  supposed  fact  of  the  trepid- 
ation and  its  ftinonntwere  founded  are  quite  unknown,  but,  pos- 
sibly, there  might  have  been  then  in  existence  records  of  many 
obsen'ations  similur  to  those  quoted  by  Ricius'  from  the  Jessod 
holam  [De/iindiiMeHio  mtttidi],  a  work  composed  in  tlie  begin- 
ning of  the  fourteenth  century  by  the  Jewish  writer  Isaac ;  the 
obsenalions  we  allude  to,  which  are  said  to  have  been  maile  by 
a  certain  Hermes  1085  years  before  the  time  of  Ptolemy",  sbcir 
the  longitudes  of  tlie  stars  R«gulus  andCorHydrac  ;  and  if  rca^. 
those  longitudes  woidd  appear,  at  that  time,  to  have  been  gnaXtS 
by  7  degrees  than  the  longitudes  assigned  by  the  latter  aslront 
mcr  to  the  same  stars,  whereas,  by  the  cflcct  of  precession,  tbi 
ought  to  have  been  less  by  about  2S  degrees ;  it,  therefore, 
pcared  that,  wiUiin  the  above  period,  tlic  equinoctial  )>oint  hi 
moved  according  to  tliu  order  of  the  signs,  or  in  a  diroctii 
Irory  to  that  which  constitutes  tlie  precession.     But  tlic 
which  this  Hermes  is  said  to  have  lived  is  believed  to  be  fid 
•  D«  mom  ocwmi  iphBiv.  •  Ricliu  ul  lupriu 


i 

1 


XIV.]  aUAI!!*:*    ASTKOXOSIEIIS.  287 

and,  as  the  account  of  the  obscnations  sim])ly  states,  that  one 
of  the  above  mentioned  stars  was  in  a  certain  degree  of  Leo, 
it  will  bo  very  natural  to  suppose  with  Ricius,  and  the  suppo- 
sition destroys  the  hypothesis  of  trepidation,  that  the  star  was 
by  the  ancient  observer  whoever  he  may  be,  referred  to  Uie  con- 
stellation Leo,  which  is  fixed  in  the  heavens,  and  not  to  the  fifth 
sign  of  the  ecliptic,  reckoned  from  the  equinoctial  point,  which 
is  moveable.  Bailly,  on  the  other  hand,  contends  '  that  the  lon- 
gitude of  tlie  said  star  is  to  be  referred  to  the  Lijiiinoctial  point, 
but  he  conceives  that  Hemies,  or  the  observer  who  bears  hia 
name,  made  use  of  tlie  Hindu  zodiac  whose  origin,  at  the  above 
e|:och,  he  shews  to  have  been  situated  aS  degrees  from  the  equi- 
nox, according  to  the  order  of  the  signs ;  and,  consequently,  the 
place  of  a  star  in  tliat  zodiac  would,  then,  ajipear  to  be  7  degrees 
more  advanced  in  longitude  than  its  place,  in  the  time  of  Ptolemy, 
according  to  the  Greek  zodiac :  but  tlie  absence  of  any  direct 
evidence  to  prove  that  observations  of  this  nature  were  made  by 
any  person  using  the  Hindu  zodiac,  at  so  early  a  period  as 
1985  years  before  the  time  of  Ptolemy,  is  a  good  reason  for  pre- 
ferring the  former  supposition. 

In  the  Jessod  holam  above  quoted  Irom  Ricius '',  Hermes  is 
stated  to  have  reeommeiided  that  "  the  philosopher  should  care- 
fully congiiier  the  ship  ha»</i»g  in  the  air,  which  during  four 
hundred  yearn  antends,  and  during  an  equal  number  qfyeara, 
descends."  The  ship  here  mentioned  is,  by  Rahhi  Isaac,  thought 
to  designate  one  of  the  equinoctial  points ;  and  the  ascent  and 
descent,  to  designate  tlie  motion  of  trepidation ;  but  it  is  et'ideut 
that,  fiom  expressions  acknowledged  by  the  relator  to  be  ob- 
scure and  of  uncertain  meaning,  and  ascribed  to  a  person  whoso 
existence  is  doubtful,  nothing  can  result  in  tiivour  of  tlie  opinion 
iJiat  the  hypothesis  ol'  trepidation  was  known  in  the  limes  of  tlie 
ancient  Babylonians  and  Kgy]>IJans, 

If  any  dependanee  may  be  placed  on  a  statement  made  by  the 
same  Isaac,  that  about  750  years  before  his  time  (consequently 
about  A.  i>.  51iO)  the  head  of  tlie  constellation,  and  the  com- 
mencement of  the  sign  Aries,  were  together,  or  in  conjtmction, 
we  shall  be  enabled  to  form  an  opinion  in  what  particular  part 
*  Aitronomie  loJimne,  ditcoun  praliiciiuiu'e.  '  De  motu  ociavi:  aiilucr*. 
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of  the  heavens  the  origin  of  the  Arabian  zodiac  was  8itiiali>d ;  ft* 
tlie  place  of  the  vernal  equinox  in  5(fO,  being  computed  froin  the 
known  value  of  tlie  precession,  will  be  found  nearly  coincident  in 
longitude  with  the  star  (  Pi&eium,  or  about  13  degrees  westwanl 
irom  a  circle  of  longitude  passing  through  y  Aiietis,  near  which 
last  passes  the  present  boundary  line  between  these  two  constella- 
tions.    As  there  is  no  remarkable  star  near  the  R£ud  place  t>f  the 
eipiinox  by  which  the  head,  or  beginning  of  the  constellation 
Aries  could  have  been  distinguished,  it  seems  unlikely  that  such 
a  spot  in  the  heavens  should  have  been  chosen  for  the  coni- 
incncemcnt  of  the  twelve  zodiacal  constellations  ;  we  may,  there- 
fore, reasonably   suppose   that   the   divisions  whose  origia  )>^h 
referred  to  by  the  Jewish  writer,  were  merely  the  twcnty.ei{^||^| 
lunar  mansions  used  by  some  of  the  .Arabian  astrunumors ',  and  L. 
in  his  time,  generally,  by  the  professors  of  astrology.     Wc  sIiaD 
see,  hereafter,  lliat  the  origin  of  the  twenty-eight  asterisnis  into 
which  the  Hindu  zodiac  was  divided  was,  also,  sitiiatv<l  neartli^^H 
star  (  Piscium  above  mentioned.  V^H 

The  idea  of  an  alternately  direct  and  retrograde  motion  «^H 
tlie  equinoctial  points,  having  by  some  means  found  a  place 
among  the  otiier  conceptions  of  that  age,  concerning  the  systems 
of  the  heavenly  bodies,  was  adopted  by  the  Arabians,  who  made  an 
effort  to  exhibit  it  by  an  additional  movement  given  to  the  sphere 
with  which,  according  to  Eudoxus  and  CaJippus,  the  fixed  stars 
were  connected.  Tliis  modification  is  developed,  in  a  mantt* 
script  work  on  tlie  motion  of  the  eighth  sphere,  by  Tbebith-I; 
Korah",  who  probably  lived  about  tlie  year  1000  of  the  Clu 
tian  Era,  but  it  is  right  to  observe,  and  it  is  asserted  by  Alpe^ 
tragius,  an  Arabian 'nstronomcr  of  Uie  twelftli  centur}',  Uiat  the 
hypothesis  itself  was  not  universally  admitted  among  that  people: 
Albalegnius'  argues  against  it  on  the  ground  that,  during 
certain  times,  the  movement  of  trepidation  is  in  a  contrai^ 
direction  to  that  of  tlio  general  precession,  and,  agreeably  to  the 
laws  then  hud  down  for  the  motions  of  the  celestial  spheres, 
two  contrary  movements  cannot  exist  at  the  same  time  in  tlie 
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same  hoily  or  point ;  and  Thebitli,  in  a  letter  to  tlie  jihysician 
of  Ihe  Klialif  Muta\  ckcl,  expresses  a  doubt  of  its  reality,  thou^rh 
il  is  probable  that,  at  a  subsequent  tiinc,  he  admitted  it  with 
confidence :  even  among  those  who  received  the  hjpotlioais,  a 
(Uffercncc  of  o])iiiion  prevailed  respecting  its  amount;  Albateg- 
nius'  agrees  nearly  with  Tbcon  in  the  value  assigned  both  to 
tlje  rale,  and  to  the  extent  of  the  movement ;  but,  according  to 
Thebitb,  who  has  given  a  table  of  the  equation  of  the  equinoc- 
tial poinbi,  dependent  on  Uie  supposed  trepidation,  tlie  greatest 
extent  of  the  deviations,  in  latitude,  from  the  fixed  ecliptic  was 
4  18'  43',  and,  in  longitude,  10'  45'  from  the  mean  place;  and 
the  restitution  was  supposed  to  take  place  in  4171^  years. 

From  whatever  cause  it  may  have  originated,  it  is  found  that 
the  Hindus,  in  an  age  perhaps  somewliat  earhcr  than  that  of 
Albategiiius  or  Thebitli,  entertained  opinions  similar  to  those 
ascribed  to  the  latter,  on  the  subject  of  the  movements  of  the 
equinoctial  points :  and  the  following  account  of  them,  from  an 
interesting  essay  by  Mr.  Colebrook  oh  Ihe  notions  of  Ihe  Hindu 
Astronomers^,  will  probably  bo  considered  as  strengthening  the 
idea,  that  the  sciences  of  Arabia  and  India  were  then  closely 
coiuiecled  together,  tl  being  not  likely  that  the  people  of  tliuse 
countries  should,  independently  of  each  other,  have  formed  an 
hypothesis  which  is  now  well  known  to  have  no  foundation  in 
nature. 

Mr.  Colebrook  states  that  Bhascara,  in  bis  description  of  an 
armillaiy  sphere,  and  also  in  a  quotation  from  a  more  ancient 
astronomer,  Munjala,  mentions  the  retrograde  motion  of  the 
equinoctial  points  ;  but  he  asserts  that  this  is  at  variance  with 
tlie  text  of  the  Sourya  Siddhanta,  and  of  several  other  works,  in 
all  of  which  the  revolution,  as  it  is  called,  of  the  etiuinoctial 
points  is  made  to  consist  in  a  hbmtion  of  those  points,  within 
the  limits  of  27  degrees  eastward,  and  as  many  westward  of 
Aries,  (probably  tJieir  mean  place),  and  of  these  librations  it  is 
added  that  600  are  performed  in  one  yuga  [=432000  years], 
or  600000  in  a  Calpa.  The  same  doctrine,  he  observes,  was 
maintained  by  the  very  ancient  astronomer  Aryabhatta,  accord- 
ing to  a  quotation  from  the  works  of  the  latter  by  Muniewara, 
'Ut  Bupn.  'Atiuk  lt«i«ardm,  VoL  xu. 
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one  of  Bhascari's  comiaciitators,  only  tlie  number  of  filuatiou 
ill  a  Calpa  is  made  equal  to  578159  instt-aii  of  600000,  and  ibe 
limit  of  each  i§  said  to  he  2J,  instead  of  27  degrees.  It  mar. 
therefore,  safely  be  inferred  that  the  opinion  of  a  libration,  or 
trepidation,  of  the  equinoctial  points  is  of  considerable  antiquity 
in  India  ;  but  it  will  be  in  vain  to  attempt  a  reconciliation  of 
the  values  assigned  by  the  Arabians  and  Hindus  to  tbe  period 
in  which  a  libration  is  performed,  or  to  tlie  extent  of  a  libradon 
on  each  side  of  the  mean  equinox  ;  partly  on  account  of  our 
ignorance  concerning  the  precise  values  of  the  Hindu  yugas 
and  calpas,  which,  indeed,  are  of  variable  duration,  and  oon- 
ceniing  the  manner  in  which  this  people  understood  the  bbra- 
tion  to  be  prcjdnced :  we  shall  see  presently  that  the  Arabian 
astronomers  supposed  tlie  plane  of  the  ecliptic  to  be  moveable 
on  a  small  circle,  or  sphere,  whose  centre  is  in  the  mean  place  of. 
tbe  equinoctial  point;  and  it  is  evident  that  a  small  difference- 
in  the  magnitude  of  this  circle  would  make  a  considerable 
ation  in  tlie  extent  of  the  interval  between  the  mean  and  true 
intersection  of  the  ecliptic  and  equator  when  that  interval  is  a 
maximum. 

Ill  the  astronomy  of  tlie  Arabians,  some  confusion  prevailed' 
concerning  the  constitution  of  the  Universe,  and  there  seems  U>- 
have  been  one  theory  for  the  learned,  and  another  for  the  vulgar^ 
or,  perhaps,  for  the  astrologers ;  for  though  in  tlicir  scientific' 
investigations,  this  people  adhered  to  the  ideas  of  I*t<>lemy,  and 
considered  the   planets   to   revolve   on   tlie  circumferences  of 
epicycles,  yet  we  find  their  writers  proposing  to  reliun   to  the 
muterial  and  concentric  spheres  of  Aristotle,  and  alleging,  as  a 
reason  for  so  doing,  the  complexity  of  the  eccentric  spheres  and 
epicycles  which  enter  inti>  tlie  planetary  theory  of  the  Astnmo- 
nicr  of  Alexandria.     Now  if,  as  is  most  probable.  Ptolemy  oc 
his  immediate  disciples  considered  tlie  planets  to  perfonn  th< 
revolutions  in  immaterial  orbits,  it  must  be  admitted  that 
system  they  professed  to  follow  was,  in  tliis  respect,  advi 
tageuus,  because  it  left  a  way  open  for  the  future  improTcni 
of  Astronomy,  when,  by  tlic  sagacity  of  some  profound  enquinV 
into  the  pbytucal  laws  which  govern  the  uuiversc,  the  principle 
should  be  discovered  by  which  the  sun  and  planets  prcserre 
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iheir  relative  diBtances  from  each  other ;  whilst  tlie  Arabiims, 
by  the  adoption  of  the  chimay  machinery  conBlituting  the 
older  hypolheais,  caused  a  retrograde  movement,  in  the  science, 
which  was  not  recovered  till  the  days  of  Copernicus  and  Kepler. 

Thehith,  like  the  ancient  Greeks,  imagiued  that  to  each 
planet  belonged  a  system  of  spheres  of  whose  movements  that 
of  the  planet  was  conijiounded ;  beyond  tliese  he  supposed 
tJiere  was  situated  what  was  called  the  eighth  si>here,  which 
contained  the  fixed  stars,  and  which,  according  to  Ptolemy, 
performed  a  revolution  about  the  axis  of  the  ecliptic,  ui  direct 
order,  in  36000  years,  producing  the  movement  of  precession 
at  the  rate  of  one  degree  in  one  hundred  years  ;  and  on  the  ex- 
terior of  this  he  placed  a  ninth  sphere,  called  the  Primum  Mo- 
bile, or  the  sphere  of  spheres,  whose  movement  from  east  to 
west,  caused  the  obsen'ed  diurnal  revolution  of  the  Jieavenly 
bodies.  On  both  tlicse  spheres  were  conceived  to  be  described 
great  circles  representing  the  echptic  and  equator,  and 
between  tlie  spheres  were  placed  two  others,  diametrically  op- 
posite to  each  other,  which  revolved  on  an  axis  coincident 
with  a  line  drawn  through  the  earth  and  the  equinoctial  points 
on  the  ninth  sphere,  while  tliis  axis  was  carried  round  the 
heavens  by  the  general  precession.  Tlie  radii  of  tliese  spheres 
were  supposed  to  subtend  at  the  earth  angles  of  4°  19'  43",  and 
the  equinoctial  poinUi  of  the  eighth  sphere  were  made  to  re- 
volve upon  their  surfaces,  so  tliat  llie  ecliptic  and  equator  of  this 
sphere  appeared  to  rise  and  fall,  to  advance  and  retrograde, 
alternately,  with  respect  to  tliose  of  the  ninth  sphere;  thus 
producing  the  variations  of  latitude  and  longitude,  which  were 
tliought  to  be  observed  in  the  fixed  stars  :  the  values  of  these 
trepidations  at  any  given  times,  were  made  proportional  to  the 
sine  of  the  arc,  on  the  surface  of  either  small  sphere,  which 
measures  Uie  angular  distance  of  the  moveable  equinoctial 
point  from  the  plane  of  tlie  fixed  ecliptic ;  but  the  maimer  in 
which  these  movements  of  the  equinoctial  points  were  supposed 
to  take  place,  will  be  better  understood  fi'om  the  following 
explanation. 

Lcl  lEBQD  [Plate  III.  fig.  4]  be  the  position  of  the  mean 
equator,  whose  pole  is  n,  M  and  Q  being  the  mean  places  of  the 
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equinoctialpoints,  anil  let  abed,  lofg  he  circles  formed  hjplaii« 
lierpenJicular  to  the  mean  equator,  cutting,  centrally,  the  small 
spheres  above  menlioned ;  the  equinoctial  points  of  the  eigl 
sphere  describe  the  circumferences  of  these  circles,  .and 
Ihc  vemal  equinox  is  at  a,  let  T  a  ii  be  Uie  position  of  the  mi 
able  ecliptic,  p  its  pole  and  T  and  ^  the  positions  of  the 
able  equinoxes,  on  the  equator  of  the  ninth  sphere.  Then,  while 
a  describes  the  semicircle  a  b  c,  the  point  p  will  describe  the 
half  p  Tp'  of  the  looped  curt-e  about  ir  and  the  point  T  will  re- 
trograde through  the  arc  T  T',  so  that  when  the  equinox  of  the 
eighth  sphere  is  at  c,  the  ecliptic  will  take  ihe  position  t'  c  £:'; 
again  while  this  equinox  is  moving  from  c,  through  d,  to  a,  tbi 
pole  of  the  ecliptic  will  describe  the  other  half  p'  i"  p  of  tlii 
loojwd  cune,  and  the  equinox  of  the  nuith  sphere  will  reti 
from  T'  to  T,  During  the  revolution  of  tlie  equinoxes  on 
eightli  sphere  upon  the  circumferences  of  the  circles  ab  e  d,  1  e. 
llie  pole  of  the  equator  on  that  sphere,  will  vibrate  coutinai 
in  the  arc  p  p'  which  is  equal  to  the  arc  a  c.  The  arc  of  a  great 
circle  between  n  and  p,  or  between  n  and  p',  which  measures 
the  angle  at  T  or  T'  will  express  tlie  greatest,  and  the  arc  tl « 
will  express  the  least  oblitiuity  of  the  ecli]>tic  ;  the  former  was, 
by  Thcbitli,  made  equal  to  23°  61'  20"  and  the  latter,  to  23"  3» 
40" ;  whence,  11  ot  p  being  a  right  angle,  the  arc  of  a  great  circle 
between  v  and  p  must  have  been  equal  to  3"  SO'  SO " ;  and, 
because  this  arc  is  to  the  corresponding  arc  between  fl  and  F", 
or  between  M  and  a,  as  the  cosine  of  n  tt  to  radius,  it  fol 
that  the  radii  of  the  circles  or  spheres  of  trepidation 
subtend  at  the  earth  angles  of  d"  18'  43",  as  above.  The  are 
T  /E,  which  is  half  the  trepidation  in  longitude  will,  from  these 
data,  be  10°  42'  60",  and  Thobith  makes  it  equal  to  10'  45': 
but  this  element  is,  evidently,  a  result  of  compuUtion,  founded 
on  Uie  differences,  in  the  obliquity  of  Uic  ecliptic,  arising  from 
errors  of  observation ;  and  llie  situations  of  tiie  equinoctial 
points,  according  to  determinations  made  from  the  supposed 
law  of  their  movement,  could  never  have  l<een  compared  with 
those  resulting  from  the  observed  lun^tudes  of  star*  will 
domonslrating  the  inconsistency  of  the  hypothciiis. 
Averroes  of  Cordoba  is  said,  by  Copcruicus,  to  Lftve  pi 
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in  order  to  account  for  tlie  movement  of  the  planets  in 
latitude,  that  the  sphere  belonging  to  eaclj  should  liavc  a  libra- 
tory  motion  from  north  to  south,  wliicli,  being  combined  with 
the  diurnal  motion  ])ro(iuced  by  one  of  the  other  sphercH  con- 
nected with  the  same  planet,  would  cause  the  latter,  apparently, 
to  describe,  within  certain  limits  of  latitude,  a  spiral  movement 
about  the  eartli.  There  is  no  account  of  Uio  manner  in  which 
this  libralion  was  to  be  eflfected,  but  it  is  easy  to  conceive  that 
it  might  be  produced  in  a  manner  similar  to  the  movement  of 
trepidation  above  explained,  by  causing  the  sphere  of  the  planet 
lo  revolve  so  that  a  certain  point  on  its  surface  may  describe 
Ihc  circumference  of  a  small  circle  about  the  pole  of  the  ecliptic, 
while  the  planet  itself  is  situated  at  the  extremity  of  a  diameter 
at  right  angles  lo  that  drawn  tlirough  the  said  point  and  the 
centre  of  the  sphere;  for  tlieu,  the  planet  will  vibrate,  in  an  arc 
of  a  great  circle  peqjendicular  to  the  ecliptic,  about  the  place 
of  its  node  as,  in  hg.  4,  tlic  point  P  vibrates  on  each  side  of  FT. 

Albategnius,  whom  we  have  before  mentioned,  was  an  Arabian 
prince,  residing  at  Aracte  in  Syria,  about  the  end  of  the  ninth 
century  of  our  era,  and  was  apparently,  a  diligent  observer  of 
the  heavens.  In  his  treatise  De  ScieriUa  Stellarum  *  he  relates, 
after  stating  the  result  of  Ptolemy's  obscnations  for  finding  the 
obliquity  of  tlie  ecliptic,  that  he  himself,  having  carefully  veri- 
fied the  positions  of  his  iustnimcnts,  had  repeatedly  fotutd  the 
sun's  meridional  zenith  distance,  on  the  days  of  the  summer 
and  winter  solstice,  to  be  12°  26'  and  59'  36',  respectively; 
whence  the  distance  between  the  tropics  appeared  to  be  47° 
IC,  and  tlie  obliquity  of  the  ecliptic,  23°  35' ;  and  this,  being 
corrected  for  refraction  and  the  sun's  parallax,  becomes  23"  35' 
41":  we  Icam  also,  from  tlie  relation  given  by  Ibn  Jounis, 
that  three  astronomers  who  had  obsen-ed  the  obliquity  at  Bag- 
dad, in  the  year  200,  of  Ycsdijird  [832  of  our  era]  made  it 
equal  lo  23°  33'  52 ' :  the  near  agreement  of  these  results  with 
each  other  aflbrds  some  evidence  tliat  they  do  not  differ  much 
firom  the  tniUi,  and,  il'  we  compare  them  with  Ilie  obliquity 
found  by  Ptolemy  or  Hipparchus,  tliey  present  an  additional 
argument  in  favour  of  the  progrcssire  diniuiution  of  that  element. 
■Cap.  *. 


The  obserraUons  of  Albat^^tus  sbow  that  Aracto  mast  bii^^l 
been  fiituatcd  in  about  SA  degrees,  of  oonfa  lAtitii«ie;  tU  Imi^^l 

lude  is  said  to  bave  been  10  degrees  east  of  Alexandria.  ^| 

Comparing  the  lime  of  an  etjuinox  observed  by  himself  irith 
one  of  those  obseneil  bv  Plolemy,  Albalegnius "  fiixk  thi- 
interval  to  be  7'J3  years  185.75  days;  n-Iiereas,  had  the  yctt 
eonsisted  of  365i-  days,  that  inlen-al  would  bare  been  7- 
years  178.73  days ;  the  difference  between  these,  being  diridi 
by  743,  give*  0.00944  days  for  the  excess  of  3e5|  days  above 
the  true  tropical  year ;  wbicb,  tlierefore,  he  mates  equal  lo 
365.24056  days,  a  (jiiantity  nearer  the  truth  than  tbe  length 
assigned  by  Ptolemy,  but.  still,  too  small.  By  the  observed 
equality  in  the  length  of  the  summer  and  winter  half  jeara, 
by  a  method  similar  to  thai  of  Hipporchus,  he  finds  the  Ic 
tude  of  the  solar  apogtum  to  be  2'  22°  17';  the  maximum 
equation  of  the  eentre  to  be  1'  59"  10",  and  the  double  et-cen- 
tricity,  0.03405,  the  mean  distance  of  the  sun  from  the  eardi 
being  unity :  these  quantities,  though  ratlier  too  great,  also 
approach  nearer  to  the  tniih  than  those  fotmd  by  PtHeny. 
If  Albategnius  compared  tlie  place  be  had  found  for  the  sun's 
apngeura  with  that  assigned  to  it  by  Ptolemy,  [2'  5'  30*]  h« 
must  have  discovered  the  progressive  motion  of  that  i>oint,  and 
dividing  16"  47',  the  difference  of  tbe  two  places,  by  740,  the 
number  of  years  in  the  interval,  it  would  have  been  found  equal 
to  about  80  seconds  yearly  ;  Uiis  includes  the  movement  caused 
by  the  precession,  and  exceeds  the  truth  by  about  17  seconds, 
which  may  be  easily  supposed  lo  have  arisen  from  the  inaccu- 
racy of  the  observations ;  but  there  is  no  certainty  that,  in  this 
age,  such  comparison  was  made,  or  that  tbe  Arabians  hat]  Hk 
any  fixed  ideas  concerning  the  proper  movements  of  the  apsidi 
or  even  of  the  nodes  of  the  planetary  orbits ;  for  .\lfragantia, 
who  also  lived  in  the  ninth  century,  in  speaking  of  the  general 
precession ''  ascribes  it  to  a  motion  of  the  splicre  of  the  fixed 
stars  which  (agreeably  to  tbe  determination  of  Ptolemy)  be  says, 
is  at  the  rate  of  one  degree  in  100  years ;  and  atlds  that  "  the 
Kcven  planetiiry  spheres  are  turned  with  ttic  same  motion, 
tliat  the  apsides  and  nodes  revolve  in  consequcntia,  and 
*  Dc  Sdrniii  Strllanun,  cap-  17>        'Elemrnu  Atlron.,  cap.  IS> 
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scribe  the  circumlerence  of  iJie  zodiac  in  36000  years" :  evident- 
ly thus  excluding  the  opinion  of  a  proper  motion  in  either  of 
those  points.  Arzachel,  who  Uved  in  the  beginning  of  the 
twellUi  century,  ironi  observations  still  more  erroneous  tbaii 
those  of  Albategnius,  thoiight  lie  perceived  in  the  apogeum  of 
the  snlar  orbit,  a  retrograde  movement  equal  to  4  degrees  in 
103  years  ;  and,  combining  this  with  the  progressive  motion 
found  from  the  observations  of  the  last  mentioned  astronomer, 
he  supposed  the  apogeum  to  have  a  libratoiy  movement  which, 
with  an  observed  variation  in  the  eccentricity,  he  representee* 
by  making  the  centre  of  the  suu'a  orbit  revolve  on  the  circuia 
ference  of  a  small  circle,  while  the  line  of  the  apsides  morca 
always  parallel  to  itself, 

Albategnius  seems,  as  Delambre  obseries,  lo  have  made  n& 
change  in  the  values  assigned  by  Ptolemy  lo  the  elements  of 
the  lunar  orbit  except  as  far  as  the  motion  of  the  sun  is  eon- 
cemcd,  which,  on  account  of  the  diminished  value  of  the  year, 
he  makes  more  rapid  than  it  had  been  supposed  by  the  last 
mentioned  astronomer.  His  observations  of  eclipses  enable  us, 
by  comparison  with  those  made  in  more  ancient  and  modem 
times,  to  verify  ttie  mean  motions  of  the  moon ;  and  from  two 
of  these,  which  he  observed  in  the  years  883  and  901  of  our 
era,  when  tlie  sun  was  in  apogee,  and  when,  in  both,  the  moon 
had  nearly  tlie  same  utean  longitude  and  latitude,  he  finds  a 
difference  in  the  true  latitudes  of  the  moon  equal  to  3'  50" 
hence  he  calculates  tlie  vi^lile  diameter  of  the  moon,  and 
assuming,  with  Ptolemy,  the  diameter  of  the  earth's  shadow  in 
tlie  ref^on  of  tbt-  moon  to  be  2J  of  tlie  diameter  of  that  lumi- 
nary, he  finds  the  latter,  in  apogeo  and  perigee,  to  be  29' 
30"  and  38'  30 "  respectively,  and,  subsequently,  the  sun's  mean 
distance  to  be  1108  semidiameters  of  the  earth. 

We  have  before  observed  that  the  ancients  could  have  had  no 
correct  notions  of  the  distances  of  the  planets  from  the  earth ; 
and  since  Ptolemy  observes  that  their  parallaxes,  probably 
meaning  those  of  the  siiperior  planets,  were  insensible,  he  must 
have  thought  tliem  inealeulahly  remote ;  but  we  learn  from 
-Mbalegnius  that  the  philosophers  before  his  time,  and  subse- 
quently to  that  of  Ptolemy,  had  assigned  liuiits  to  the  rcid  or 
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imaginary  spheres  of  the  wandering  stars.  He  asserts*  thai 
aboat  the  earth,  or  the  centre  of  the  nniTersey  and  ascendiiig 
from  thence,  there  exist  the  sereral  regicms  of  earth,  water, 
air,  and  fire ;  the  last  of  which  extends  as  higb  as  18^  semi- 
diameters  of  the  earth.  In  all  the  space  beyond  this  there 
exists,  he  observes,  an  ethereal  matter,  or  fifth  essence,  which 
he  denominates  Alacir,  not  cognisable  by  human  senses,  and 
in  which  the  celestial  bodies  perform  their  revolutions.  The 
planetary  spheres  are  said  to  be  in  ccmtact  with  each  other, 
and  the  thickness  of  each,  eqoal  to  the  difference  between  the 
apogeal  and  perigeal  distances  of  the  planet  itself:  thus,  the 
distance  of  the  lunar  apogeum  from  the  earth  being  equal  to 
64  Q  semi^diameters  of  the  latter,  this  quantity  becomes  the  least 
distance  of  Mercury,  or  that  of  his  perigeum ;  and  the  ratio 
between  the  perigeal  and  apogeal  distances  of  this  planet  being 
found  (he  states)  by  carefril  observations  to  be  as  1  to  S-fj,  it 
will  follow  that  the  greatest  distance  of  Mercury,  and,  conse- 
quently, the  least  distance  of  Venus,  from  the  earth,  is  166 
semi-diameters  of  the  latter.  The  ratio  between  the  least  and 
greatest  distances  of  Venus  is  said  tobeas2to  13;  and  hence, 
the  latter,  which  he  makes  the  same  as  the  least  distance  of 
Mars,  becomes  1079  semi-diameters.  The  proportion  between 
the  least  and  greatest  distances  of  Mars  is  said  to  be  as  1  to  7 ; 
therefore  the  latter  is  made  equal  to  7553  semi-diameters :  in 
like  manner  the  distances  of  Jupiter  and  Saturn  are  determined, 
and  the  greatest  distance  of  the  latter  is  said  to  be  equal  to  180d4 
semi -diameters  of  the  earth.  There  is  some  mistake,  however, 
in  the  numbers  expressing  the  least  and  greatest  distances  of  the 
two  last  planets ;  for,  if  those  given  in  the  work  of  Albategnius 
are  correct,  the  orbits  of  those  planets  must  have  been  supposed 
to  intersect  each  other :  also  the  least  and  greatest  distances  of 
the  sun  are  said  to  be  1079  and  1137,  so  that  the  sphere  of  this 
luminary  seems  to  be  part  of  that  of  Mars.  With  respect  to 
the  fixed  stars,  it  is  said  that  twelve  of  them  are  of  the  first 
magnitude,  and  their  distance  from  the  earth  is  supposed  to  be 
equal  to  19000  scmi-diametcrs  of  the  latter;  evidently  intending 
to  shew  that  tliose  bodies  are  contained  in  a  sphere  whose  inte- 

'  De  Scientia  Stellarum,  cap.  50. 
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rior  surface  is  nearly  contiguous  to  the  exterior  surface  of  the 
sphere  of  Saturn.  Albategnius  makes  their  diameters  equal  to 
one  iwentietli  of  the  (Uamctcr  of  the  sun,  and  tliis  he  considers 
as  the  greatest  body  in  the  universe. 

Alfraganus  assumes  the  same  hypothesis  concerning  the  ar- 
rangement of  the  planetary  spheres  as  that  above  described;  he 
also  supposes  the  apogoum  of  each  to  be  at  the  same  distance 
from  the  earth  as  the  perigeum  of  the  next  superior  planet,  and 
there  is  not  that  coniiision  in  the  situations  of  the  spheres  of  Uie 
sun  and  Jupiter  which  is  observed  in  the  account  given  by  the 
former  astronomer ;  but,  except  the  sphere  of  the  moon,  to  which 
he  assigns  the  same  magnitude  that  it  has  in  the  system  of  Alba- 
tegnius, all  the  spheres,  if  the  numbers  in  the  text  are  correctly 
stated,  are  rather  more  extensive  ;  the  greatest  distance  of  the 
sun  being  1220  semi -diameters  of  the  earth,  and  that  of  Saturn, 
20110  semi-diameters  *.  This  writer,  in  the  sixteenth  chapter  of 
the  same  work,  has  given  his  determinations  of  the  eccentrici- 
ties of  the  deferent  spheres,  and  Uie  diameters  of  the  epicycles; 
which,  however,  agree,  very  nearly,  with  those  obtained  by 
Ptolemy,  and  which  wo  have  already  mentioned. 

These  erroneous  notions  concerning  the  distanccsoftlieplanets, 
besides  leading  to  the  opinion  that  the  shadow  of  the  earth  should 
extend  beyond  the  orbit  of  Mercurj',  and  cause  that  planet  to 
suffer  eclipses  hke  the  moon,  produced  some  discrepancies  be- 
tween the  theoretical  and  observed  values  of  the  parallaxes ;  we 
have  said  that  Ptolemy  supposed  the  parallax  of  tho  sun  to  be 
3  minutes ;  and,  according  to  the  above  hj-pothesis,  the  parallax 
of  Mercury  should  have  been  equal  to  that  of  tlie  moon,  both  of 
which  arc  far  from  being  conformable  to  obseiratiou ;  in  order, 
therefore,  to  diminish  the  errors,  Ibn  Jounis,  at  the  end  of  the 
tenth  century,  enlarged  tho  sphere  of  the  sun,  making  his  mean 
distance  from  the  earth  equal  to  1766  semi -diameters  of  the  latter, 
and  the  perigeal  distance  of  Mercury  equal  to  1 1 6  semi-diameters; 
by  which  the  sun's  parallax  was  reduced  to  2  minuter,  and  the 
-  greatest  parallax  of  Mercury,  to  30  minutes ;  but  both  of  these 
are  still  much  too  great ;  and  the  maximum  parallax  of  Venus, 
which,  in  reahty,  exceeds  that  of  Mercury,  was  made  equal  only 
*  £lemenu  Aitron.,  «p.  SI. 
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makee  llie  longitude  of  the  Bolar  apogeuni  equal  to  2'  22°  1'  37', 
which  is  also  nearer  the  truth  ttiaii  the  longiliide  given  hy 
Ptolemy ;  but,  like  the  last  mentioned  astronomer,  he  seems  to 
coDKider  the  apogea  and  nodes  of  all  the  phmetary  orbits  to  be 
stationary  in  the  heavens,  since  he  makes  the  increase  of  their 
lon);itii(lcs  equal  to  the  retrogiadation  of  the  erjuinoctial  points. 
He  makes  few  changes  in  the  elements  of  the  lunar  orbit,  but, 
aJi  he  determines  the  equation  of  her  centre  by  means  of  eclipses, 
tlie  equation  of  evcction  remains  as  it  bad  been  determined  by 
Ptolemy.  Besides  the  elements  of  the  solar  and  lunar  orbits, 
the  Arabian  astronomer  has  given  the  times  of  several  conjimc- 
tions  of  tlie  planets ;  occultations  of  stars  by  the  planets,  and  a  ' 
register  of  several  observed  longitudes  of  Regulus,  of  which,  that 
made  in  the  year  976  of  our  era,  is  equal  to  4'  15°  6' ;  and 
from  this,  by  comparison  with  the  longitude  assigned  by  Ptolemy, 
830  years  previously,  Uic  annual  precession  would  appear  to  be 
54  seconds ;  but  if  the  comparison  be  made  with  the  longitude 
found  by  Hipparchus,  1142  years  previously,  the  precession 
would  be  '48-5  secondsj  and  if,  with  the  longitude  assigned  to 
the  same  star  in  the  year  1 820,  which  is  844  years  from  the  date 
of  the  observation  made  by  Ibn  Joiinis,  the  annual  precession 
would  be  found  equal  to  51  j  seconds  ;  and  these  two  last  com- 
parisons may  be  alleged  as  proofs  that  the  observations,  both 
of  Hipparchus  and  Ihe  Arabians,  were  superior  in  accuracy  to 
those  of  Ptolemy.  Albatognius  had  also  determined  the  value 
of  the  precession  by  comparing  tlie  longitudes  of  Regulus  and  of 
the  northern  star  between  the  eyes  of  Scorpio  [0  Scorpionis], 
both  gf  which  were  obsen"ed  by  Menelaus,  or  Milieus,  in  the  year 
842  of  Nabooasser,  with  the  longitudes  of  the  same  stars  ob- 
served by  himself  in  the  year  1027  of  Nabonasser  [a.  c.  880]  ; 
consequently  at  an  inler*-al  of  785  years  ' ;  and  the  conclusions 
to  be  drawn  from  tlie  data  ho  has  mentioned  are  that,  by  the 
former  star,  the  annual  precession  in  longitude  is  68.6  seconds, 
and  by  the  latter,  64.25  seconds :  the  difference  is  very  cond- 
derable,  and  proves  that  there  miist  have  been  great  errors  in 
some  of  the  observations;  but  Albalegnius  adheres  to  the  last 
detennination,  which,  liowever,  is  loo  great  by  above  4  seconds, 
TIic  same  astronomer  adds,  that  be  found  no  perceptible  diSbi; 

*  Dp  ScirnliH  )>tf]lanim,  ciip.  31, 
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enccs  in  the  lalitudi-ii  of  the  stars ;  and,  in  tact,  the  changes^ 
tlieir  places  with  respect  to  the  ecliptic  are  too  small  to  fa 
been  sensible  in  observations  made  ivith  such  instniznents  a 
then  used. 

During  the  long  interval  which  had  elapsed  since  the  tiniie4l| 
Ptolemj,  it  does  not  appear  that  any  attempt  was  made  to  od»  J 
rect  the  errors  in  his  tables  of  planetary  motion  which,  in  a  few 
years,  must  have  been  very  perceptible ;  this  was,  probably,  first 
done  by  the  Arabians  who,  however,  could  only  have  employed, 
for  this  purpose,  cqnations  of  an  empirical  nature,  being  neces- 
sarily ignorant  of  the  mutual  perturbations  exercised  by  tlie  son, 
moon  and  planets  upon  each  other,  by  which  so  many  of  the 
variations  in  their  movements  are  produced,  Tiie  first  of  the 
Arabian  tables  were,  probably,  those  of  .\lbategnius,  which  shew 
the  places  of  tlie  sun  and  moon ;  they  appear  to  have  been  com- 
posed about  the  year  S7i),  and  to  be  but  an  improvement  on  the 
tables  of  Ptolemy.  The  most  celebrated  are  those  of  Ibn  Joiinis, 
which  are  referred  to  the  year  1000  and,  being  dedicated  lo  ibe 
Khahph  Ilakcm,  ivere  designated  the  Hakcmite  tables  ;  and  sub- 
sequently to  these,  the  tables  of  Toledo  were  calculated  by  A 
chel,who  livedinSpainabouttheyear  1180.  Itishighlyprobai 
that,  in  the  times  of  Hipparchus  and  Ptolemy,  ephemeridi 
were  calculated  for  the  purpose  of  facilitating  the  investi^atioi 
of  astronomers ;  but  there  can  be  no  doubt  that  the 
were  in  the  practice  of  executing  such  works,  since  they  i 
alluded  to  in  a  letter  of  Thebith,  from  which  it  appears  that  they 
shewed  the  times  of  the  new,  and  full  moons,  and  predicted  the 
occurrences  of  eclipses.  In  their  tables  of  tlie  fi\cd  stars  they, 
no  doubt,  corrected  the  places  of  these  celestial  bodies  from  ti 
catalogue  of  Ptolemy  by  applying  the  amoimt  of  tlie  prccessii 
in  the  intenal,  but,  as  the  corrections  were  made  by  persons  who  * 
estimated  this  element  too  highly,  the  longitudes  they  assigricd 
coimot  bo  expected  to  agree  with  those  found,  for  that  age, 
by  computing  backward,  with  the  data  afforded  by  modcnf'J 
observations. 

On  contemplating  the  works  executeil  by  the  Arabians,  ^ 
cannot  hesitate  to  admit  that  the  modem  astronomy  in  much 
indebted  to  that  ingenious  people  for  tlie  corrections  they  made 
i^dmost  every  one  of  its  elements j  which^oro^rfn^he 
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short  duration  of  their  empire,  could  only  have  been  aecom- 
plisbed  by  on  ahnost  uninterrupted  application  to  the  pracUce 
of  obsen'ing  the  heavens :  we  have  shewn  that  tliey  had  deter- 
mined the  obliquity  of  the  ecliptic ;  and  it  is  found  that  the 
result  of  their  investigations,  though  afiected  by  their  error  con- 
cerning the  sun's  parallax,  is  so  far  conformable  to  llic  theory 
of  gravitation  as  to  indicate  the  progressive  diminution  of  that 
clement ;  a.  like  conformity,  and  a  like  indication  is  also  per- 
ceived in  the  value  tliey  assigned  to  the  equation  of  the  sun's 
centre.  The  length  they  found  for  tlic  tro])ical  year,  and  their 
determination  of  the  place  of  the  sun's  apogeum  arc,  both,  within 
a  few  seconds  of  the  truth  ;  and  their  tables  of  planetary  motions, 
being  compared  with  those  of  receut  construction,  con&rm  the 
secular  equation  of  the  moon  and  the  great  inequalities  of  Jupiter 
and  Saturn.  To  all  which  we  may  add  their  many  obsen'ations 
of  eclipses,  and  of  the  conjunctions  of  planets ;  their  employ- 
ment of  the  method  of  fixing  the  time  at  which  any  phenomenon 
occurred,  by  the  contemporaneous  altitude  of  the  sun,  and  the 
veiy  accurate  rule  for  correcting  the  calendar,  by  the  intercala- 
tion of  eight  bissextile  years  in  every  thirty-three  current  years, 
proposed  by  Omar  Cheyan  about  the  year  1079  of  our  era ;  and 
the  whole  will  furnish  a  very  interesting  picture  of  the  learned 
labours  performed  by  this  remarkable  race  of  men  within  litUe 
more  than  two  centuries ;  during  this  brief  period  their  science, 
at)  well  as  their  political  power,  gleamed  like  a  meteor  and  then, 
suddenly,  vanished  from  the  sight. 

The  immense  size  of  the  instruments  used  by  the  Arabians 
must  have  given  tliem  advantages  over  the  ancient  astronomers 
with  respect  to  the  accuracy  of  tiie  obscr\'atious ;  it  is  smd  that, 
to  the  year  993,  the  obliquity  of  the  ccUptic  was  measured  with 
a  quadrant  whose  radius  was  15  cubits;  and  in  992,  with  an 
instrument  whose  radius  was  equal  to  40  cubits,  or  about  58 
feet :  but  it  may  be  doubted  whether,  in  general,  the  advantages 
are  proportional  to  the  magnitude  of  the  Instruments,  from  the 
difficulty  which  must  attend  the  performance  of  the  requisite 
adjustments. 

In  this  glance  at  the  works  of  the  Arabian  astronomers  we 
must  not  omit  to  mention  that  ibey  corrected  their  obBprvationf, 
at  li;ast  when  made  on  celestial  bodies  near  Ihe-horizon,  on  ac- 
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count  of  the  refraction  of  light  in  the  atmosphere ;  ami  this  o 
tributed  materially  to  give  them  a  superiority  in  poiut  of  ai 
over  those  of  the  Greeks.  It  is  true,  that  the  pheuomena  i 
fraction  must  hare  been  known  to  Ptolemy,  since  he  speabs  of 
them  in  his  work  on  Optics,  hut  he  rloes  not  notice  th«  sobject 
in  the  Syntaxis  where  the  application  of  it  woald  hare  be«n  of 
great  importance ;  and  Uiis  has  induced  an  opinion  that  he  had 
not  discovered  those  phenomena  till  after  the  com])osition  of  tltai 
work :  it  is  evident,  therefore,  that  the  observations  made  by  this 
a8tronomer,as  well  as  by  all  tliose  who  preceded  him, on  the  appa- 
rent places  of  stai-Sj  must  be  alfccteil  by  this  cause  of  error. 
It  is  worthy  of  ohservation  also,  that  some  of  the  phenomcnB 
of  the  refraction  of  light  must  have  been  known  before  llie  tinn; 
of  Ptolemy ;  since  Cleoraedes '  makes  an  allusion  to  the  well- 
known  experiment  of  rendering  visihle  a  ring,  or  other  object, 
when  placed  in  a  vessel,  by  filling  the  latter  with  water:  tliis  \s 
the  first  notice  extant  concerning  the  effects  of  refraction  ;  but 
it  is  connected  with  the  erroneous  notion,  prevalent  amoti);;  the 
ancients,  that  in  vision,  the  rays  of  liglit  proceed  from  the  eye 
to  the  object.  Alhazen,  the  author  of  a  treatise  on  refraclifl%  ^-. 
was  the  first  writer  who  ga^'c  a  reason  for  the  appaixoit  magd^^l 
tude  of  celestial  bodies  in  the  horizon ;  he  ascribes  it  to  n  tacflH 
judgment  formed  by  the  mind  from  the  idea  which,  in  that  ailu- 
ation,  is  entertained  of  great  distance ;  and  this,  he  obsenes,  is 
excited  by  the  number  of  terrestrial  objects  then  perceived  be- 
tween the  celestial  bodies  and  the  spectator. 

The  astronomy  of  the  Arabians  was,  at  the  decline  of  the  em- 
pire of  tlie  Khaliphs,  and  about  the  time  of  the  revival  of  learning 
in  Europe,  cultivated  in  the  noi-them  part  of  Persia :  from  an 
Arabian  MS.,  the  writer  of  which  lived  in  the  thirteenth  century, 
we  learn  tliat  a  grandson  of  Gengis-khan  took  into  bis  serriw  . 
Nassir-Edin,  an  Arabian  or  Syrian  astronomer,  by  whose  dirq^^l 
tion  an  observatory  was  built  at  Maragah  where,  from  the  ytJ^I 
I20I,  were  made  a  number  of  celestial  observations  which  the 
mathematicians  of  Uie  prince  used  for  correcting  the  tables  of 
Ptolemy ;  these  new  tables  wore  allerwards  jtublislicd  aisd,  being 
dedicated  to  tlie Tartari^in  IMnce  Ilchun,  they,  from  him,  received 
the  denomination  of  the  I Icanic  tables.    The  obs«m*atory  ilwlf 
•  Vr  Mundo,  Lib.  II.  c^y.  S. 
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was  a  remarkable  structure,  since  it  formed  a  great  sim-ilial,  be- 
ing crowned  with  a  dome,  having  an  opening  through  which  the 
rays  of  the  sun  passing,  indicated  the  hour  of  the  day  and  the 
altitude  of  the  luminary.  The  instruments  used  in  the  obsona- 
tions  appear  to  have  been  similar  to  those  of  Ptolemy  and  the 
Arabians ;  the  writer  of  the  MS.,  in  enumerating  them,  mentions 
an  armillary  sphere  wlilch  wa*?  to  be  employed  when  the  celes- 
tial body  was  not  on  the  meridian,  and  on  whose  alidade  he  pro- 
poses that  there  should  be  a  tube  to  protect  the  eyes ;  probably 
meaning  that  it  should  contain  some  coloured  transparent  sub- 
stance simUar  to  the  dark  glasses  at  present  employed  when 
viennug  the  sun.  In  describing  an  instrument  to  measure  the 
diameter  of  the  moon,  he  says  its  alidade  should  carry  two  plates, 
of  which  that  next  to  the  eye  should  have  a  small  aperture 
pierced  in  it ;  the  other,  a  larger,  and  tlie  latter  plate  should  be 
moved  forward  or  backward  till  the  full  moon  exactly  filled  its 
aperture ;  then  a  scale  graduated  on  the  alidade  served  to  deter- 
mine the  value  of  her  diameter. 

Tlie  last  circumstance  of  importance  connected  witli  the  astro- 
nomy of  that  part  of  tlie  world  is  the  constniction  of  a  niaguifieeiil 
observatory  at  Samarcand,  about  tlieyear  1400, by  Ulugh  Bey,  adc- 
8cendantofTamerlane:thisprince  caused  theobliquilyofthccclip- 
Uc  to  be  measured  with  a  gnomon  of  great  dimensions,  and  a  cata- 
logue of  stars  to  bg  formed ;  in  the  preface  to  this  work,  it  is  stated 
that  there  are  eight  stars  marked  in  the  catalogue  of  Ptolemy 
which  could  not  then  be  found  in  the  heavens,  and  among  these 
are  mentioned  six  unfonned  stars  near  the  southern  fish.  Bailly 
observes  that  these  six  have  not  since  been  marked  in  any  cata- 
logue ;  whence  he  thinks  it  jirobable  that  they  may  have  disap- 
peared between  the  times  of  Ptolemy  and  Ulugh  Bey^  for,  since 
four  of  them  were,  according  to  the  former  astronomer,  of  the 
third  magnitude,  it  is  not  likely  that  they  would  have  found  a 
place  in  his  catalogue  if  they  had  not  then  been  visible  in  the 
heavens.  A  work  on  astronomy,  composed  by  order  of  the  Tar- 
tarean prince,  was,  in  1666,  translated  by  Greaves  and  Hyde  : 
it  contains  a  series  of  tables  which  were  considered  preferable  to 
those  of  Nassir-Edin,  and  are  admitted  by  Delambrc  to  be  tole- 
rably exact  for  the  age  in  which  they  were  computed. 
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THE   ASTRONOMY   OF  THE   ANCIENT   HINDUS. 

The  ODliquily  of  Iho  Hindu  Bstronomy  inferred  from  their  tablfiik— Tli« 
fuurHinda  oge»  supposed  to  lie  founded  on  Bstronomical  periodi — Probable 
■ource  of  the  eaitern  fables  concern  iug  the  renewall  of  the  earth.  — KtuBtion 
of  the  point  at  which  the  Hinitu  zodiac  commences. — Length  auigned  by 
the  Hindus  to  the  solar  year. — Epochs  of  Hindu  tiiblea. — Erroneoui  value 
Bwiigneil  tiy  the  Hindus  tn  the  precession.— Oliserrationi  on  the  elemenu  of 
the  Hindu  Tuliles. — The  planetary  sjitem  of  the  Hindus  similar  to  thmt  of 
the  Greeks. — Instrumental  observstinni  were  made  by  the  Hindus.— Lunar 
periods  known  to  this  people.— -Probability  that  the  Hindu  aslmnomy  it 
funned  by  improvements  au  that  of  the  Chaldeans,  Greeks  and  Arabiana. 


The  great  antiquity  of  the  Hindu  astronomy  hae  been  the 
ject  of  much  cUscussion  among  the  learned  of  Europe ;  on  Ihe 
one  liand,  the  evidence  aflbrded  by  the  tables  brought  irom  Ihe 
countries  on  this  side  of  the  Ganges  leads  to  an  opmion  thai  tfa« 
science  had  been  cultivated  there  long  before  the  Noachian 
deluge  is  supposed  to  have  taken  place ;  and  on  the  other  hand, 
the  entire  absence  of  all  notice  of  these  tables  and,  indeed,  <jf 
any  circumstance  connected  with  the  science  or  history  of  a  pe- 
riod so  remote,  not  only  in  any  Sanscrit  writing  known  to  exist, 
but  in  any  document  relating  to  the  leaniing  of  the  neighbouring 
countries,  Assyria  and  Persia,  where  the  practice  of  obsvrviug 
the  heavens,  in  very  ancient  times,  was  diligently  pursued, 
where  such  works,  if  tlien  in  being,  could  not  have  been 
known,  gives  rise  lo  a  well-founded  suspicion  that  the  tables 
have  been  fabricated  in  a  later  age.  We  are  to  add  to  this, 
the  fact  is  highly  con6nuutive  of  tlic  sus))icion,  that  in  the  immense 
iutenal  between  the  epoch  of  the  tables  and  the  probable  origin 
of  tlie  modem  astronomy  iu  India,  no  traces  appear  that  the 
science  was  cultivated  in  tliat  part  of  the  world,  where  yet  it  i& 
supposed  to  have  been,  previously,  brnuglit  to  a  stale  of 
perfection.  Even  if  wo  admit  all  that  has  been  alleged 
iroJng  the  antiquity  of  astronomy ;  since  cverv  monument 
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existence  must  bave  perished  when  the  first  philusophera  from 
Europe  visited  the  East,  that  science  was,  to  them,  as  though 
it  had  never  been ;  it  was  to  be  anew  discovered,  and  its  gradual 
rise  can  only  be  traced  in  the  few  accounts  which  have  been 
transmitted  to  us,  of  tlie  Egyptians,  Chaldeans  and  Greeks. 

But  if  the  astronomy  of  the  Uuidus  pretends  to  an  antiquity 
which  must  be  allowed  to  be  of  a  doubtful  character,  their  chro- 
nology, if  understood  literally,  goes  back  beyond  all  the  limits 
of  probability.  In  the  Institutes  of  Menu,  the  most  ancient 
Sanscrit  work  in  existence,  and  which  Sir  William  Jones  sup- 
poses to  have  been  written  880  years  Before  Christ,  is  a  passage 
from  which  we  learn  that  this  people  supposed  there  had  been, 
and  would  continue  to  be,  an  iiniumcrahle  succession  of  periods 
of  time,  each  consisting  of  many  millions  of  years,  and  each 
terminated  by  a  destruction  and  a  re-formation  of  the  universe. 
These  periods  are  divided  into  yugas  or  ages  of  various  lengths, 
but  all  of  them  are  multiples  of  the  least,  which  is  called  the 
Cali-yuga,  and  is  said  to  be  equal  to  1200  years  of  tlie  gods,  each 
of  which  the  Hindus  pretend  to  be  equal  to  360  years  of  man- 
kind; one  of  the  latter  years  being  supposed  to  be  a  day  of  the 
gods,  and  -360  such  days  constituting  one  of  their  years ;  ac- 
cording to  this  mode  of  reckoning,  therefore,  the  Cali-yuga 
should  consist  of  432000  common  years.  Ten  of  these  periods 
constitute  one  Maha-yuga,  and  one  hundred  or  one  thousand 
Maha-^-ugas,  for  the  number  is  variously  stated,  make  the  period 
called  culpa,  which  is  said  to  bo  one  day  of  Brahma.  TTic 
Hindus  suppose  the  present  world  to  have  been  created  at  the 
commencement  of  this  last  period,  and  nearly  half  the  period  to 
be  now  past.  The  Maha-j-uga  is  divided  into  four  parts,  of 
which  the  most  ancient,  called  Satya-yuga,  or  the  golden  age, 
consists  of  four  Cali-yngas ;  the  next,  called  Tr^la-yuga,  or  the 
silver  age,  consists  of  tiiree ;  the  third,  called  Dwapar-yuga,  or 
the  brazen  age,  of  two ;  and  the  fourth  is  the  Cali-yuga,  in 
which  we  live ;  this  is  denominated  the  iron,  or  corrupt  age ; 
and  these  denominations  afford  anotlier  proof  in  addition  to  the 
many  that  may  be  offered  of  the  propensity  of  men  to  consider 
the  world  as  having  deteriorated  in  the  course  of  time ;  and  their 
own,  as  worse  than  any  of  the  preceding  ages. 
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All  Europeans  who  have  cammented  iipcm  these  Uinda 
riods  agTE^e  in.  CDnsidering  them  as  antronomical,  but  they 
much  in  their  manner  of  interpreting  them  ;  an  imperfect 
ledge  of  the  retrogradation  of  the  equinoctial  points,  which  the 
Hindus,  like  the  Arabians,  supposed  to  be  at  the  rate  of  S4  se- 
conds yearly,  might  have  led  to  an  opinion  that  those  points 
performed  a  revolution  through  the  ecliptic  in  '24,000  years ;  and 
this  period,  multiplied  by  18,  which  is  the  number  of  years  ex- 
pressing nearly  the  time  of  a.  revolution  of  the  moon's  nodes, 
would  have  given  433,000  years,  the  value  of  the  ftindamental 
cycle  above  mentioned :  and  Mr.  Davis,  in  a  dissertation  on  the 
astronomical  calculations  of  the  Hindus*,  ai^es,  from  passogn 
in  the  Sourya  Siddhanta,  that  the  Maha-yuga  is  a  period  formed 
by  the  continual  product  of  the  times  expressing  the  periodical 
revolutions  of  the  equinoxes,  of  Uie  moon's  nodes  and  apogeum: 
he  also  considers  the  Calpa  to  express,  in  like  manner,  (he  time 
to  elapse  between  two  consecutive  conjunctions  of  all  the  planets 
with  their  nodes  and  apogea,  at  the  commencement  of  the  zodi- 
acal constellations.  The  values,  moreover,  winch  have  hem 
above  assigned  to  the  Hindu  cycles  do  not  appear  to  have  been 
universally  adopted  in  India ;  for,  according  to  Mr.  Crawford  ", 
the  Hindus  of  Bali  estimate  the  Maha-yuga  at  15,0-25  years,  in- 
stead of  4,320,000  years;  and  this  period  lias,  very  probably, 
been  formed  from  some  erroneous  dctcrminaUon  respecting  ibe 
movement  of  the  equinoxes. 

But  lliough  we  should  admit  that  the  values  of  the  above  periods 
may  have  been  given  for  those  of  certain  astronomical  cycles,  it  it 
no  less  probable  that  they  have  some  relation  to  circumstances 
in  tlie  political  history  of  the  Hindus ;  tlie  division  of  lime  into 
four  ages  is  not  peculiar  to  the  people  of  India ;  indeed  ii  was 
universally  adopted  by  the  ancients,  and  the  periods  in  all 
seem-  to  have  designated  the  durations  of  particular  ra 
sovereigns.  Thus,  in  the  fabulous  chronology  of  Kgy|>t 
by  Mauetlio,  wo  find  mention  made  of  tliree  ages,  preci 
those  of  the  historical  times,  during  which  the  thrmic  of  the 
coimtry  was  said  to  have  been  occupied  by  gods,  demi-god»  and 
Manes:  from  the  Zend-Avesta  we  Icom  that  the  ancient  Pt 
*  Aiistk  ReuanJiei,  vol.  iL  >■  Ibid.  vjL  s 
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appropriated  ihe  three  first  of  the  four  ages  into  which,  as  it  is 
asserted,  the  Biipreiiie  Deity  had  divided  the  duration  of  the 
world,  to  tlie  Divis,  the  Peris  and  men  ;  and  ilic  Hindus  place 
in  the  three  first  of  the  abo< e  mentioned  periods,  respectiiely, 
the  reigns  of  Gods,  of  Pidar  Devata  and  of  men :  even  the 
Chinese  appear  to  liave  made  a  similar  appropriation  of  the  divi- 
sions of  time,  for,  according  to  Pere  de  Mailla,  three  royal  races 
are  pretended  to  have  succeeded  each  other  iu  their  country ; 
the  Tien-hong,  or  kings  of  heaven ;  the  Ti-hong,  or  kings  of  the 
earth,  and  the  Giu-hong,  or  kings  of  men  ;  and  these  last  are  said 
to  have  terminated  with  Fohi.  The  four  ages  mentioned  by 
Hesiod',  iu  which  Jupiter  successively  created  and  destroyed 
four  races  of  men,  are  familiar  to  every  classical  scholar. 

That  the  origin  of  the  earth  may  be  placed  far  beyond  the 
epoch  of  our  earliest  histories^  geological  facts  seem  to  prove ; 
hut,  as  no  fossil  remains  of  the  human  race  are  found,  we  have 
no  reason  to  believe  that  the  earth  was  the  abode  of  man  before 
the  period  a.isigned  to  his  creation  in  tlie  books  of  Moses  :  it  is 
not,  however,  surprising  that  tJie  ancients,  if  they  held  from 
tradition  or  otherwise,  that  the  creation  of  the  earth  or  universe 
had  taken  place  iu  times  very  distant  from  their  own,  should 
have  considered  the  human  race  to  have  existed  also  from  a 
period  equally  remote  ;  since  a  world  unoccupied  by  intelligent 
beings  must  have  appeared  to  bo  a  work  of  the  Deity  without 
ail  object.  Tlie  present  state  of  the  earth  affords  also  indiibilable 
evidence  that  it  has  been  subject  to  several  grand  convulsions 
by  which  its  external  surface  baa  been  remodified ;  and  we  may 
reasonably  suppose,  that  the  time  immediately  preceding  the 
creation  of  man  was  the  epoch  of  one  of  these  convulsions, 
while  that  of  tlie  Noachian  deluge  may  be  considered  as  marking 
the  occurrence  of  another.  Some  early  intimations  of  these 
changes,  or  a  view  of  the  constitution  of  the  earth  near  its  sur- 
face may,  it  is  easy  to-  conceive,  from  the  propensity  of  man- 
kind to  multiply  and  embellish  every  natural  circumstance  of  an 
extraonlinary  nattue,  have  led  the  Hindus  and  Persians  of  old, 
to  invent  the  fables  related  in  their  wriUngs  concerning  tlie 
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vicissitades  experienced  on  lie  earth.     Thus,  amoDg  the  fon 
people,  may  have  origmated  the  story  that  the  world  was  retM 
newed,  after  a  deluge,  at  the  com  men  cement  of  each  menu, 
periodof  12,000  years,  of  which  periods,  it  is  said,  the  present  ^1 
the  seventh '.     The  author  of  tlie  Persian  manuscript,  Alodjmat^  % 
supposed  to  have  been  written  in  the  twelfth  century,    alstf  J 
relates,  from  a  work  ascribed  to  Zoroaster,  that  the  Supre 
Deity  had  fixed  12,000  years  for  the  renewal  of  the  world ;  t 
the  world  remained    free  fi'om   evil   during   3000  years,  whfll 
Ahriman  appeared,  and  then,  during  the  next  3000  years  preJ^ 
vailed  a  state  of  unmixed  evil ;  from  the  end  of  the  last  period  '] 
to  the  present  time,  Uie  good  and  evil  are  said  to  have  beeit 
blended  together '' :  that  there  is  some  connection  between  the 
Hindu  and  Persian  legends  seems  probable,  from  the  equality 
of  the  periods  just  mentioned ;  aud  from  the  cireumslance  that, 
in  one  of  the  latter,  according  to  Wilson,  tbe  bird  Simurgh  isJ 
introduced  telling  Cahcrman  she  had  lived  to  see  the  earth  sevoi 
times  filled  with  creatures. 

The  observed  movements  of  the  sun  and  moon  had  ancientl; 
led  to  the  measurement  of  short  periods  of  time,  as  days,  montl] 
and  years,  within  which,  many  of  the  processes  of  nature  a 
continually  renewed ;  and  it  was  natural  to  conclude,  by  analog] 
that  the  general  conjunctions  of  tlie  planets  and  the  revolutioi 
of  their  nodes  and  apsides  were  epochs  of  the  physical  changetfl 
undergone  by  tlie  earth  itself. 

Several  works  composed  in  the  Sanscrit  language  and  relat- 
ing to  the  astronomy  of  the  Hindus,  have  lately  been  made 
known  to  the  Europcims,  and  of  tliese,  the  most  ancient  extant 
is  the  Sourya  Siddhania,  which  is  pretended  by  that  people  to 
have  been  revealed  from  Heaven  two  miUions  of  years  s 
but  which,  from  the  composition  of  the  tables  it  contains,  i 
from  the  evidences  afforded  by  their  own  histories  can  be  s 
to  have  been  written  long  since  the  commencement  of  t 
Christian  era.  Mr.  Bentley,  in  a  paper  on  the  Hindu  syste 
of  Astronomy  ha'^  examined  the  tables ;  and  from  the  differei 
elements  of  tlieir  conatniction,  (among  which  are  the  t 


■  Wilson  on  the  Chronolog 


t.  Research.  ¥01*  t 


.,  Tom.  II,  Art.  Bonndehetch 


XV.] 


THE   AKCIENT  HIWDUS. 


319 


length  of  the  year,  the  places  of  the  planets,  of  the  npogea  of 
tlie  sun  and  moon,  and  of  the  moon's  nodes,)  by  comparison 
with  the  same  elements  com|>uted  from  modem  tables  for  diffe- 
rent periods,  he  finds  that  the  errors  of  the  tables  are  the  least 
qt  two  epochs  which  are  the  years  499  and  999  After  Christ ; 
tlien,  arguing  that  the  errors  of  astronomical  tables,  if  the  elements 
are  determined  from  observation,  should  be  the  least  at  the  epoch 
for  which  they  are  formed,  he  infers  that  iJie  tables  and,  conse- 
quently, the  work  itself  may  have  been  composed  at  a  time  not 
earber  than  one  or  the  other  of  these  periods.  It  is  to  be  ob- 
served that  the  Bhasvulee,  another  astronomical  work,  was,  ac- 
cording to  Bentlcy,  composed  about  a.  D.  1100  by  Sotomund, 
who,  it  is  alleged  by  the  Brahmans,  was  a  pupil  of  Vaniha 
Mihira,  the  supposed  aiiUior  of  the  Sourja  Siddlianta ;  and  tliis 
circumstance  woidd  seem  to  shew  that  the  latter  astronomer 
Uved,  and  that  the  Sourya  Siddhanta  was  written  about  A.  &. 
1000,  the  last  of  the  two  epochs  deduced  from  Uie  tables:  but 
Varalia  is  tliought  to  have  flourished  at  the  carUer  period,  and, 
in  a  commentar}-  on  tho  work,  tlie  latter  is  expressly  ascribed  to 
him ',  the  difficulty  may,  howe\er,  be  removed  by  supposing 
that,  in  designating  Sotomund  as  the  pupil  of  Varaba,  the  Brali- 
mans  only  meant  that  lie  was  a  disciple,  in  a  subsequent  age,  of 
tlie  school  founded  by  tliat  astronomer.  Air.  Bentley  also  remarks 
that,  from  observations  recorded  in  tlie  Parasari  Sanbita,  com- 
pared with  others  made  by  Bralima  Gupta,  the  author  of  an  astro- 
nomical work  entitled  Brahma  Siddhanta,  in  which  Varaha  is 
quoted  by  name,  the  solsticial  colure  had  retnigraded  23°  20* 
in  tlie  interval  between  the  observations  :  he  supposes  with  the 
modem  Brahmans  that  Brahma  Gupta  lived  about  A.  n.  S27  ; 
and  as  the  above  retrogradation  corresponds  to  a  period  of  1680 
years,  it  follows  that  the  more  ancient  obsen-ation  must  have 
been  made  about  the  year  1153  u.  c,  and  that  Parasara  must 
have  floiirislied  in  llie  same  age. 

If  tho  statemeuls  made  in  the  Sourya  Siddhanta  may  be  de- 
pended on,  we  have  tho  means  of  Hxiugwith  precision  tlie  point 
in  the  ecliptic  which  the  Hindus  considered  as  the  origin  of 
their  fixed  zodiac :  since,  according  to  Bentley,  it  is  there  assert- 
*  Atinlic  R»esrch«R,  Vol.  VIII. 
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ud  that  the  year  3601  of  the  Cali-yuga  [x.  D.  490.]  began 
cisely  at  the  venial  cqiiinox  ;  which  is  conctiivcd  to  imply 
the  sun  was  then  at  the  commencement  of  the  zodiacal  com 
lations,  and  that  the  latter  was  in  coincidence  with  the  equinoc- 
tial point,  because,  it  is  linowu  that  the  astronomical  year  of  ihc 
Hindus  was  sidereal,  and  that  it  wa-s  the  practice  of  this  people 
to  consider  the  arrit'al  of  the  sun  at  the  ori^n  of  the  zodiac  m 
the  commencement  of  the  year.  Now,  between  A.  D.  499  and 
A.  D.  1820,  [1321  years]  reckoning  Uie  precession  to  bo  50  "A 
yearly,  the  equinoctial  points  must  have  retrograded  18°  23'  3  ', 
and,  as  the  longitude  of  Aldebaran  at  the  latter  period  is  known 
to  have  been  67"  16'  27",  it  is  evident  Uiat,  at  Uie  former,  the 
vernal  equinox,  and  the  origin  of  the  Hindu  zodiac  mtuit  have 
been  situated  18°  53'  24 "  westward  of  that  star ;  that  is  near 
t  Piscium,  or  about  12  degrees  westward  of  tlie  first  Fcmarkablc 
star  in  tJie  constellation  Aries.  And,  again,  computing  the  re- 
Irogradation  of  the  equinoctial  points  for  3601  years,  which  are 
supposed  to  have  elapsed  between  the  eommeucemmt  of  dW^H 
Cali-yuga  and  the  year  499  of  our  era,  we  find  it  to  be  50"  fl^^l 
50" ;  or  the  vemaJ  eqninox  was,  at  tlie  former  period  1"  13'  M" 
eastward  of  Aldebaran.  The  place  tlius  found  for  the  origin  of 
the  fixed  zodiac  agrees  very  nearly  with  that  deduced  from  tm 
observation  of  Brahma  Gupta,  for,  according  to  Benlley,  that 
astronomer  makes  the  longitude  of  Spica  \'irginis  equal  to  6' 
8",  which  indicates  the  beginning  of  the  sixUi  centurj',  and  as 
the  difference  of  longitude  between  this  star  and  Aldebaran  is 
known  to  be  4'  14"  3'  22 ",  the  longitude  of  the  latter,  or  its  dis- 
tance from  the  origin  of  the  zodiac,  at  the  same  epoch 
have  been  48"  56'  38 ". 

But  M.  le  Gentil  learned  from  the  Brahmans  of  Triavoh 
town  on  the  coast  of  Coromandel,  that  20,400  years  before 
commencement  of  the  Cali-yuga,  the  fixed  origin  of  tlic  Hii 
zothac  was  in  coincidence  with  the  vernal  e([uinux,  when, 
tlie  sun  ajid  moon  was  in  conjunction ;  and  tJiat  a  like  coi 
dencc  of  the  fixed  and  moveable  zodiacs  took  place  in  the 
3600  of  the  same  jieriod  *  :    now  the  sum  of  these  is  34 
years,  within  which  the  eqninox  must  have  been  suppo»eil 
•  IhillyAtlron.  Ii>il.  Chip.  VUI.  Strt.a. 
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sequently, tlicy  must  have  considered  the  annual  precession  as 
etjual  to  54  seconds  ;  and,  between  the  origin,  and  Uie  year  3600 
of  the  Cali-yuga,  the  equinoctial  points  must  have  been  sup- 
posed to  retrograde  54  ilegrees,  which  implies  thai  the  vernal 
equinox,  at  the  former  time,  (3101  B.  c.,)  was  situated  at  liie 
distance  of  5"  C  36"  eastward  of  Aldebaran,  instead  of  1°  13'  26" 
as  found  above.  The  difference  is  nearly  4  degrees,  but  it  is 
impossible  to  determine  whether  it  is  caused  by  any  error  in  the 
account  given  by  Varalia,  or  in  that  which  was  communicated 
to  Le  Gentil :  it  is  evident,  hi>wever,  that  the  coincidence  as- 
serted to  have  taken  jjlace,  at  the  most  ancient  epoch,  is  only  a 
result  of  computation,  arrived  at  by  reckoning  backwards,  from 
that  mentioned  by  Varalia,  with  the  erroneous  value  of  ihe  pre- 
cession which  the  Brahmans  had  obtained  by  other  means. 
M.  Bailly  admits  that  tlie  epoch  itself  is  fictitious,  and  formed 
from  the  supposed  discovery  that,  in  20,400  years,  lliere  are 
very  nearly  272,724  complete  revolutions  of  the  moon. 

From  the  ])lace  assigned  to  the  winter  solstice,  by  the  Persian 
astrtmomer,  Omar  Cheyan,  who  lived  in  the  year  1079  of  our 
era,  M.  Bailly  finds",  by  computation,  that  at  Uie  supposed  in- 
vention of  the  Persian  calendar,  which  he  places  in  tlic  year 
3507  Before  Christ,  tliis  point  was  in  the  I3lh  degree  of  the 
constellation  Aquarius,  while,  at  tlie  same  period,  the  corre- 
sponding point  in  the  Hindu  zodiac  was  in  ihc  lirst  degree  of 
iJic  same  constellation ;  and  because,  with  respect  to  the  fixed 
stars,  the  commencement  of  the  Persian  zodiac  then  coincided 
with  tliat  of  tlio  zodiac  in  the  modem  astronomy,  lie  infers  that 
the  latter  was  adopted  from  the  former ;  but  when  we  consider 
the  uncertain  groimd  on  which  this  supposed  anliquily  of 
the  Persian  calendar  rests,  we  are  forced  to  conclude,  tliat  this 
derivation  of  the  Eiuropean  zodiac  is  nearly  destitute  of  proba- 
bility. 

A  representation  of  a  Hindu  zodiac  was  brought  by  M.  Le 
Gentil  to  Europe,  and  is  described  in  the  Memoires  de  CAcade- 
mie  dea  Sciences  for  1 772.    It  is  di*  ided  "^  into  twenty -seven  nac- 

*  ArtrOD.  Indienne,  Dhc  Prpt.  pag.  dii-.  niid  Ch.  ix.  Sect.  K. 
■>  Ibid.  Chap.  T.  Kct.  30. 
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shatras,  or  constellations,  and  each  division  is,  of  course,  equal 
to  13"  20' :  one  of  them,  denominated  Rhonini,  is  distinguished 
by  five  stars,  the  easternmost  of  which,  being  the  most  remark- 
able, is  supposed  by  Bailly  to  indicate  the  beginning  or  end  of 
one  of  the  said  constellations,  and  he  decides  that  it  must  be  the 
end  of  the  fourth ;  but  four  such  divisions  are  equal  in  extent 
to  63 '  20' ;  hence  it  would  follow,  that  the  star  represents  Aide- 
baran,  which,  as  we  have  shewn  above,  is  about  49  degrees 
eastward  of  the  fixed  origin  of  the  zodiacal  constellations ;  and, 
as  the  equinox  is,  in  the  moniunent,  placed  a  little  eastward  of 
the  star,  it  follows  that  it  is  about  54  degrees  eastward  of  the 
commencement  of  the  fixed  zodiac ;  whence  the  epoch  of  the 
monument  would  appear  to  correspond  with  the  conunencement 
of  the  Cah-yuga :  but  the  fact  that  the  above  star  is  really  to 
be  considered  as  Aldebaran,  is  evidently  very  doubtful ;  and, 
consequently,  no  reUance  can  be  placed  on  the  above  conclusion. 
The  division  of  the  zodiac   into   twenty-seven  constellations 
seems  to  have  been  but  partially  adopted  in  India ;  for  in  the 
writings  of  the  Hindus,  the  number  of  nacshatras  is  generally 
made  equal  to  twenty-eight,  which  is  that  of  the  lunar  mansions 
in  the  astronomy  of  the  Persians  and  Arabians.     In  their  astro- 
nomical tables  it  appears,  from  the  rules  prescribed  for  finding 
the  longitude  of  the  sup,   that  the  zodiac  was  also  divided  into 
12  signs  of  30  degrees  each,  like  the  zodiac  of  the  Greeks ;  and 
each  sign  has  been  divided  into  three  parts  of  10  degrees  each, 
like  the  decani  of  the  western  astrologers. 

The  same  rules  shew,  also,  that  the  astronomical  year,  both 
solar  and  lunar,  was,  by  that  people,  divided  into  360  fictitious 
days;  and  Uiat  the  former  was  divided  into  twelve  unequal 
months,  so  that  each  astronomical  month  contained  the  same 
number  of  days  and  fi*action  of  a  day  that  the  sun  takes  to  pass 
through  each  sign:  a  sexagesimal  division  of  days,  hours,  &c. 
is  also  employed.  But  aU  the  Hindu  tables  ai'e  formed  on  the 
supposition  that  the  length  of  the  sidereal  year  is  equal  to  365 
days^  6  hours,  12'  30";  and,  as  the  annual  precession  of  the 
equinoxes  is  also  supposed  to  be  54  seconds,  the  tropical  year 
must  have  been  considered  equal  to  365  days,  5  hours,  50'  35" . 
it  is  not  known  that  this  kind  of  year  was,  at  any  time,  used  in 
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India  for  civil  or  scientilic  pwrpoaes,  but  it  is  evidenUy  implied 
in  tiie  luDi-Holar  ]icriod  conlaiiiiug  10  years,  or  228  solar 
monlhg,  which,  in  tlie  Siimie.se  astronomy,  as  in  that  of  the 
Greeks,  is  made  equal  to  235  lunar  months;  each  of  these 
lunar  months  is  proved  by  Cassini,  from  tlie  ]>recepts  delivered 
in  the  tables  brought  from  Siam,  to  be  equal  to  29  days,  12 
hours,  44';  whence  he  finds  tliat  the  value  of  the  tropical  year 
nnist  have  been  supposed  equal  to  3(f5  days,  5  hours,  S5'  14 ', 
which  diders  by  only  about  2  seconds  fixjm  that  found  by  Hip- 
parchus  and  Ptolemy,  from  whom,  we  suspect,  the  above  periods 
were  borrowed.  The  present  value  of  the  tropical  year,  in- 
cn<ascd  by  10  seconds,  which,  according  lo  La  Place,  is  iho 
amount  of  the  diiuinution  of  its  lengtli  in  the  time  elapsed  since 
the  commencement  of  the  Cali-yuga,  gives,  for  the  value  of  the 
year  in  that  age,  365  days,  S  hours,  48'  58",  which  is  less  than 
the  supposed  determination  of  the  Hindus  by  1'  37 "  only.  If 
this  is  to  be  considered  as  a  proof  of  tlie  accuracy  of  their 
equinoctial  or  solstitial  observations,  it  will  be  evident  that  the 
value  of  their  sidereal  year,  which  is  an  important  clement  in 
their  tables,  and  which  tliey  made  too  great  by  3'  18",  was 
merely  computed,  from  that  of  tlie  tropical  year,  by  a])plyiug  the 
erroneous  precession  [51 '],  and  then  it  will  follow  that  the 
construction  of  the  tables  was  subsequent  to  the  adoption  of 
this  value  of  tlie  precession,  nhich,  in  all  probability,  belonged 
originally  to  the  .Arabian  school. 

Of  the  astronomical  tables  received  from  India,  the  epoch  of 
that  which  was  brought  by  M.  Le  Gentil  from  Triavelore, 
boasts  the  highest  antiquity,  as  it  coincides  with  the  comuience- 
ment  of  the  Cali-jiiga,  or  rather  witli  the  second  day  after  that 
commencement,  and  is  foimd  to  correspond  with  tlie  midnight 
between  the  I7tli  and  18th  of  February,  in  tlie  year  3102 
Before  Christ :  tliis  particular  year  ia  known  from  the  statements 
of  tlie  Brahmans  themselves,  who,  according  to  Sir  William 
Jones",  assert  that  the  year  1700  of  our  era  coincided  with  the 
year  489]  of  that  cycle.  We  do  not  pretend  to  lay  much  stress 
on  chronological  coincidences,  but  Bailly  considers  that  the 
date  above  assigned  to  the  origin  of  the  Hindu  period  is  strongly 
'Asutlo  Ku.  ToL  II. 
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confirmed  by  the  fact,  lliat  the  nuuiher  of  years  which  lapsed 
between  that  period  and  the  times  of  Xabouas^er  and  Vesdijinl 
respec  lively,  agree  with  those  alleged  by  George  of  Trebizood 
to  have  iiiten'ened  between  the  deluge  of  Noah  and  the  last  two 
epochs:  now,  as  the  Culi-yuga  is  said  by  tlie  Hiii<lu  H'ril^ts  bi 
have  been  preceded  by  a  deluge,  it  seems  to  follow  tlint  the  two 
deluges  arc  identical,  and,  consequently,  that  tlic  origin  of  the 
Cah-yuga  and  the  deluge  of  Noah  are  to  be  referred  to  tbe 
same  lime,  tliat  is  to  the  year  3102  Before  ChrisL  But  it  slioulH 
be  obHcr^ed  that  Bailly  supposes  his  years  lo  consist  of  S&5  lUr* 
only,  and  ihat  lliis  epoch  is  earlier  by  fire  or  sis  huii<]red  years 
than  the  date  assigned  to  the  general  deluge  by  tlie  com- 
mentators on  the  Hebrew  Scriptures. 

The  epoch  of  the  tables  brought  from  Siam  in  1688  by  M. 
De  la  Loubiere,  the  French  ambassador  to  that  country,  is  found 
by  Cassini  to  correspond  with  the  time  of  the  vernal  e(|iiinai 
in  the  year63B  of  our  era;  and  those  of  two  other  sets  of  tables, 
which  were  sent  from  Chrisnabouram  and  Norsapour,  are  fixed 
for  the  years  14i)l  and  1656  respectively.  Tbe  forme  of  these 
Iliadu  tables  differ,  but  the  elements  of  all  appear  to  I>e 
same;  and  it  is  thought  tlial  they  were  originally  calculated 
one  meridian,  which  is  that  posing  through  Tiiavelorc 
tables  brought  from  hence  assign  the  places  of  the  siui 
moon  at  tlie  epoch,  their  mean  movements  and  tliose  of  the 
planets;  they  show  the  obliquity  of  the  ecliptic,  the  lengtli  of 
the  sidereal  year,  the  equation  of  the  centre  for  lb©  sun  anil 
moon  and  the  precession  of  the  equinoxes ;  and  they  stale  tfaxJ, 
at  the  same  epoch,  the  sun,  moon  aud  all  the  plimcU  were  iu 
conjunction.  Now  tlie  longitudes  assigned  to  tlie  sun  and  moon 
differ  but  little  from  tliose  delenained  for  the  year  8102  l)«fon 
Christ  by  computing  back,  nith  the  modem  tables ;  but  Bailly, 
calcuUting  the  places  of  the  planets  for  the  same  epoch,  or 
rather  for  fifteen  days  after  it,  (because  the  sun,  at  the  time  of 
tbe  epoch,  being  supposed  iu  conjunction  wiih  the  planets, 
light  would  have  rendered  them  invisible,)  fmds  thai,  exi 
VeuHs  which  was  on  the  opposite  side  of  the  hearcns,  all 
other  planets  were  within  17  degrees  of  the  equinoctial  point; 
moon  »va,i  then  in  opposiiion  and.  eonseqiieiitly,  at  the 
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she  also  was  in,  or  nearly  in  conjnnction.  Now  it  must  bo 
admilled  that  llie  absence  of  one,  only,  of  the  planets  and  the 
presence  of  the  others  wilbin  17  degrees  of  a  certain  point  in 
the  heavens  might,  to  ordinary  obsencrs,  be  sufficient  to  jus- 
tify the  assertion  that  they  were  all  in  conjnnction ;  but  the 
coincidence  of  the  places  of  the  planets,  determined  by  calcula- 
tion, with  those  stated  to  have  been  obserred,  is  a  very  insuf- 
ficient proof  of  llie  reality  of  the  observation,  because,  within 
such  limits  as  those  above  specified,  the  Hindus  mig^t  easily 
have  computed  a  conjunction  of  the  planets  by  using  the  Pto- 
lemcan  or  Arabian  tables,  which  there  is  nothing  to  prevent  us 
from  supposing  they  had  received  before  the  existing  tables  of 
Triavelore  were  formed. 

The  latter  tables,  whose  epoch  we  have  said  is  more  ancient 
than  those  of  the  others,  are  acknowledged  to  be  more  correctly 
constructed  than  the  tables  of  C'hrisnabouram,  whicli  are  beUeved 
to  be  more  modem  by  4600  years;  for  Bailly  observes'  tliat 
these  contaui  an  empirical  equation  which  is  employed  in  de- 
termining the  elements  of  the  moon's  orbil,  and  it  is  found  that 
the  elements  thus  determined  agree  very  nearly  with  those  ob- 
tiuned  directly  from  the  former  tables ;  the  inferences,  therefore,  are, 
that  the  Chrisnabouram  tables  could  not  have  been  computed 
from  those  of  Triavelore,  since,  in  this  case,  no  such  equation 
would  have  been  required,  and  that  the  latter  tables  are  the 
more  modem  of  the  two.  To  avoid  this  conclusion  Biully  is 
compelled  lo  allow  that  the  Triavelore  tables  have  been  rec- 
tiHed  by  new  obsenations  since  their  original  coustmclion ;  but 
this  being  admitted,  all  confidence  in  the  alleged  antiquity  of 
the  tables  is  destroyed,  and  it  will  be  as  cosy  lo  admit  that  tlie 
construction  itself  is  of  recent  date.  It  is  alleged  by  the  Brah- 
mans  themselves  that  in  the  days  of  Salivagauam,  who  lived  in 
the  year  3179  of  the  Cali-yuga,  or  in  the  year  78  of  our  era, 
their  astronomy  luidcrMcnt  a  complete  change  and,  if  the  epoch 
of  that  prince  be  correctly  slated,  it  affijrds  a  presumptiun  that 
the  reformation  look  place  by  the  introduction  of  the  discoveries 
of  Hipparchus. 

The  estimates  formed  by  the  Hindus  of  tlie  movements  of 
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the  (fquinoctial  poioto  sppcar  to  hanie  ben  as  iizii:f?rum  »  ih»m 
of  the  Arabians,  fixmi  winch,  Jndeedy  tbej  tiu  coc  nufietulbr 
iliflur.    Mr.  Colebrook  states^,  that  acranfin^  b>  Bliascaxx  «m 

wrote  in  tlic  twelfth  centmj  of  our  cc&J  in  hi^  liefcxipCbMi  of 
tlie  armillary  sphere,  **  the  eqinnoctial  politic  ne^^Iin**  in  n:tn>- 
grade  order,  three  myriads  m  a  calpa';  iranfrrs^  proboi^JT.  tkal 
80,000  complete  revolutions  lake  place  m  that  pnud :  jad.  if 
wo  sup)>oHc  the  latter  to  consist  of  4^000,000  Tear»«.  as  bdoie 
liliowii,  the  expression  will  imply  thai  the  points  necro^jafk  al 
tlic  rate  of  one  degree  in  forty  years.    BoC  cm  the  anxhocity  of 
the  more  ancient  astronomer  Mmmjaioy  Bhascan  relaxes  tint 
n  n^volution  of  ttie  colures  through  the  twebre  si^ns  takes  place 
Hi  ili(5  rate  of  59'  54'"  yearly,  or  of  one  degree  in  61  years: 
rxcrpt  Mimjala,  however,  it  appears  that  \lshnii-Chandra  is 
tli(;  only  Hindu  author,  more  ancient  than   Bhascara*  who  is 
thought  to  have  maintained  the  opinion  that  the  motion  of  the 
r(|uinox(m  was  constantly  retrograde ;  and  we  have  before  stated 
that,  from  a  work  ascribed  to  Aryabhatta,  and  quoted  by  Mo- 
ninwara,  uh  wdl  an  from  passages  in  the  Souira  Siddhanta  and 
f)th(T  workn,  probably  of  the  same  age  as  this  last,  the  notion 
of  a  libraiion  of  the  equinoctial  points,  within  the  limits  of  24, 
or  '27  (l('gi'<*<'^  <*!>  rach  side  of  their  mean  places,  was  long  pre* 
valrnt  in  India ;  in  fact,  Muniswara  himself,  who  wrote  a  com- 
nirntary  on  Hhascara's  work,  and  tlierefore  must  have  lived  in  t 
lator  af^r,  njiTts  the  doctrine  of  the  latter  author,  and  asserts 
thr  reality  of  the  libraticm.     But  notliing  of  this  kind  appears  in 
th(*  aHtrononiical  tables  of  the  Hindus,  in  all  of  which  the  pre- 
rr.HHion  of  thr  stars  in  longitude  is  supposed  to  be  uniform,  and 
at   thr  ratr  of  51  seconds  yearly;  and  the  coincidence  of  this 
value  with  that  given  in  the  works  of  the  Arabian  astronomers, 
ran  only  be  aeeonnted  for  by  supposing  that  this  element  had  been 
ado])te<l  from  those  works  witliout  examination ;  for  if  we  allow 
that  the  above-mentioned  tables  are  formed  from  data  afforded  by 
a  hing  scTies  of  observations,  agreeably  to  the  hy|)othesis  of  the 
advocates  for  the  antiquity  of  the  Hindu  astronomy,  a  more  cor* 
rect  determination  of  the  element  nuist  have  been  obtained  bv  a 
coni])ari8on  of  the  places  of  any  one  fixed  star,  when  found  at 
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long  intervals  of  lime.  It  has  been  BOpposed  that,  previously 
to  this  adoption,  the  Hindus  used  a  value  of  the  preceBsion 
equal  to  that  stated  by  Ptolemy ;  for,  accordiuj;  to  M.  Do 
Guignes,  there  is  an  account,  in  &  work  of  the  Arabian  writer 
Mtiasoiidi,  that  the  Hindus  had  het'u  taught  astronomy  by 
Braliiiia,  who  showed  them  that  the  sun  (at  the  limes  of  the  equi- 
noxes or  solstices)  remained  3000  years  in  each  sign  of  the  zodiac, 
which  supposes  that  a  complete  revolution  of  Uie  equinoctifil 
points  was  accomplished  in  30,000  years,  and  that  the  annual 
precession  was  30  soconda.  That  the  Hindus  had,  at  one 
time,  a  nearly  correct  knowledge  of  the  precession^,  has  been  in- 
ferred from  a  passage  cited  by  lUcius* ,  out  of  the  Jewish  writer, 
Abraham  Zacuth,  who  lived  in  the  15th  century,  where  it  is 
said  that,  according  to  the  Hindus,  there  arc  iu  the  heavens 
two  stars  diametrically  opposed  to  each  other,  which  describe 
tlie  circuit  of  the  zodiac  iu  144  years,  contrary  to  the  order  of 
the  signs;  now  if  there  be  a  mistake  in  the  direction  of  the 
motion,  and  we  are  allowed  to  read  according  fo  the  order  of  the 
sitftts;  and  if,  besides,  we  suppose  with  Bailly,  that  the  years 
are  periods,  each  equal  to  ISO  common  years,  like  those  said  to 
have  been  in  use  among  the  Monguls  and  Chinese,  the  revolu- 
tion woidd  have  been  performed  in  SOjSSO  years,  which  is  the 
lime  of  a  revolution  of  the  fixed  stars  with  respect  to  the  equi- 
nox, at  the  rate  of  SI  seconds  annually,  and  is  not  far  trom  the 
truth.  It  is  evident  that  these  hy]iothe8es  rest  on  no  solid 
foundation,  but  there  can  be  no  reason  to  doubt  that  the  Hindus 
had  discovered,  or  taken  from  the  works  now  lost,  of  Chaldean, 
Egj'ptian,  or  Greek  writers,  a  certain  value  of  the  i>rcccssion ; 
and  it  is  probable  that  tlie  variable  duration  of  Uie  ytigas,  or 
periods  in  which  the  numbers  of  revolutions  arc  said  to  have 
taken  place,  mistakes  in  the  numerals,  and  in  the  direction  of 
the  motion,  besides  other  causes,  have  produced  tliat  confusion 
in  this  clement  which  we  find  in  their  writings.     At  the  lime  of 


the  construction  or  reformation  of  the  tables,  tlic  llindm 


pro- 


bably adopted  the  value  of  the  precession  wluch  had  been  deter- 
mined by  the  Arabians. 

In  examining  the  elements  of  the  sun,  moon  and  plaucts, 
■  Tnctanii  de  motu  ncUrr  iphnne,  cap.  ix. 
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contained  in  the  Hindu  tables^  we  shall  find  that  the  pioofs  of 
antiquity  drawn  from  comparisons  made  with  the  values  assigoed 
to  those  elements  bj  late  obserratioos,  or  bj  computadoos 
founded  on  the  theory  of  graritation,  are  liable  to  great  un- 
certainty and  may,  eren,  be  considered  as  destitute  of  any 
foimdation,  partly  because  the  coincidences  do  not  hold  good  in 
all  the  elements  and  partly,  because,  in  those  whic^h  have  been 
observed,  if  the  necessary  corrections  had  been  made,  the  enon 
would  have  been  more  considerable ;  to  which  we  may  add  that 
a  near  approach  to  coincidence,  when  the  rariations  of  an 
element  amount  only  to  a  few  seconds  in  many  centuries,  does 
not  constitute,  within  narrower  hmits,  the  determination  of  a 
particular  epoch.  This  is  the  case  ^"ith  the  length  of  the 
tropical  year  abovementioned,  which  has  been  shewn  to  difer 
from  its  true  value  by  97  seconds  only;  for  since,  from  the 
epoch  of  the  Cali-yuga  to  the  present  time,  that  is  during  above 
4900  years,  the  whole  decrease  in  the  length  of  the  year  is  but 
10  seconds,  the  above  error  which,  if  considered  alone,  might 
a])pear  inconsiderable,  is  really  far  greater  than  the  diminution 
due  to  the  whole  of  that  long  period;  and  the  supposed  length 
of  the  year,  instead  of  corresponding,  nearly,  to  tlie  epoch  of 
the  tables,  indicates  one  which  is  above  45,000  years  from  om* 
times. 

Again,  from  the  same  tables  we  find  that  the  obUquity  of  the 
ecliptic  is  stated  to  be  24  degrees:  and,  by  computation,  it  is 
found  that,  at  the  epoch  of  the  tables,  it  was  really  equal 
to  23'  51';  the  error,  which  is  but  9  minutes,  appears  but  small, 
but,  as  the  diminution  of  Uiat  element  is  at  the  rate  of  50 
seconds  in  a  century,  that  error  corresponds  to  nearly  1100 
years  in  time;  and  if  we  could  suppose  the  value  given  in  the 
Hindu  tables  to  be  accurate,  the  observation  on  which  it  is 
founded  must  have  been  made  so  nmch  earlier  than  that  epoch. 
But  it  is  much  more  probable  that  the  24  degrees  had  been 
assumed  for  the  sake  of  the  exact  number;  and  it  should  be 
obsen'cd  Uiat  the  same  value  was  given  to  Uie  element  by  the 
earliest  astronomers  among  the  Greeks.  An  objection  foimded 
on  the  slow  change  of  value  in  Uic  element,  may,  also,  be 
urged  against  the  argument  for  the  antiquity  of  the  tables,  draii^n 
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from  the  value  of  the  moon's  anomalistic  revolution,  which  is 
shewn  to  agrcD,  within  one  tliird  of  a  second,  with  thai  deter- 
mined  by  recent  calculations  made  for  the  commencemeut  of 
the  Cali-yuga.  Bailly  suggests  that  tlie  two  former  elements, 
the  length  of  the  year  and  the  obliquity  of  the  ecliptic,  may 
have  been  determined  from  observations  made  long  before  that 
period;  but  there  is  no  one  age  to  which  both  can  be  referred, 
and  it  is  incompatible  with  the  opinion  that  tlie  Ilindu  astro- 
nomy was  in  an  advanced  state  when  the  tables  were  formed,  to 
suppose  that  there  may  have  been  introduced  in  those  tables 
the  values  of  elements  belonging  lo  different  epochs. 

The  maximum  equation  of  the  sun's  centre,  taken  by  Bailly 
froTn  the  tables  of  Narsapour  and  Chrisnabouram,  and  supposed 
byJiim  to  coincide  witli  that  which  is  involved  in  those  of 
Triavelore,  is  2'  10'  30",  while  by  late  observations  it  is  found, 
-  in  the  present  agfi,  to  be  only  1'  55'  30";  now  the  diminution 
of  this  element  is  known  to  be  at  the  rate  of  about  15  seconds 
in  a  century;  and  tlie  inference  is  that  tlic  epoch  at  which 
the  above  value  of  the  element  held  good  is  about  6000  years 
since.  But  it  is  ob.-iervcd  by  La  Place  that,  as  the  Hindus 
determined  the  elements  of  the  solar  orbit  by  means  of  the 
eclipses  of  the  sun  or  moon,  tlieir  equation  of  the  centre  should 
include  the  moon's  annual  equation,  which  is  It  minutes,  and 
this  would  reduce  the  above  value  to  1 '  69  30",  which  would 
give,  for  the  epoch  of  the  tables,  the  year  -200  of  our  era. 
Nearly  the  same  epoch  is  found  from  the  place  of  the  sun's 
apogeum  which,  by  the  times  of  the  continuance  of  tliat  lumi- 
nary in  each  sign  of  the  zodiac,  given  in  the  tables,  appears  to 
have  been  somewhere  in  Gemini  while  tlic  longitude  of  the 
apogeum,  in  the  present  age,  is  3'  9"  SO",  and  the  rate  of  its 
motion  with  respect  to  the  equinox  is  about  68  seconds 
annually. 

M.  Bailly  is  not  more  fortunate  in  the  conclusion  he  draws 
firom  the  determination  made  by  the  Hindus  of  the  moon's 
mean  motion.  In  the  jireliminary  discourse  to  the  Aslronomie 
Indienne,  he  states  that,  in  the  intenal  of  4384  years  'J4  days, 
ending  May  21,  a.  n.  12S2,  the  tables  of  Triavelore  gii'e  for  the 
sidereal  motion  of  that  luminary  7>  2°  0"  7",   rcjectiug  whole 
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circatnferences,  and,  because  this  agrees,  nnthin  one  miDiite, 
wiUi  what  would  result  from  the  moan  motions  computed  by 
the  tables  of  Cassini  and  Mayer,  he  infers  that  it  luust  liare 
been  obtained  from  observations  made  at  the  be^nning  and  end 
of  the  period ;  but  it  happens  tliat  these  tables  do  not  compre- 
hend the  equation  discovered  by  La  Place,  which,  in  the  same 
interval,  would  amount  to  about  4  degrees ;  consequenliy,  the 
argument  in  favoui'  of  the  antiquity  of  the  first-supposod  ob- 
servation, foils  to  the  ground. 

The  places  of  Uie  aphelia  of  the  orbits  of  Jupiter  and  Mer- 
cury, ^vcn  in  the  Hindu  tables  for  the  commencement  of  the 
Cali-yuga,  certainly  agree  with  the  results  of  computation  mt 
from  the  beat  modem  tables ;  but,  as  these  elements  are 
rially  affected  by  the  masses  of  the  planets,  which  are,  even  ii< 
uncertain,  it  is  impossible  to  draw  any  conclusion,  from  Uial 
agreement,  concerning  the  reality  of  the  observuticms  ou  which 
the  elements  are  supposed  to  have  been  founded. 

The  mean  movements  of  Jupiter  and  Saturn  are  known  to  be 
subject  to  variations  which  become  compensated  at  the  end  of 
certain  long  jjeriods,  fixed  by  La  Place"  at  029  years,  and 
such  tliat,  within  each  alternate  period,  the  motion  of  on©  of 
planets  is  the  most  rapid,  and  that  of  the  other,  the  most  sloi 
now  it  must  he   admitted  that  the  quantities  assigned  to 
mean  motions  of  Jupiter  and  Saturn  in  the  Hindu  tables, 
the  epoch  of  the  Cali-yuga  are  justly  alleged  by  Bailly  to  agiea 
with  the  results  of  the  theory  of  gravitation  in  shewing  tlial  Uio 
former  ivas  then  a  maximum  and  the  latter  a  minimum ;  but  this 
fact  which  woidd  seem,  at  first  sight,  conclusive  in  favour 
the  supposed  antiquity  of  the  tables  leave  the  question  still 
detenninale ;  since,  if  we  reckon  backward  from  the  year  1 
of  our  era,  which  is  the  epoch  of  the  Chrisnabouram  tables, ; 
times  the  above  period  would  bring  us  to  tlie  year  3154  Befe 
Christ,  which  is  near  enough  to  the  epoch  of  the  tables 
Triavelore  to  allow  us  to  conclude  tliat,  at  bolli  epochs, 
mean  movemonls  of  these  planets  must  have  been,  respcc6< 
the  same ;  the  probability,  therefore,  that  these  tables  were 
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structcd  at  the  more  ancient  period  is  not,  iu  this  respect,  greater 
than  that  of  their  construction  at  the  other.  It  ought  also  to  be 
observed  that,  in  the  tables,  tlie  equations  of  the  centre  for  the 
orbits  of  both  these  planets,  by  which  the  mean  is  reduced  to 
the  true  movement,  differ  considerably  from  the  truth,  and 
Bailly  supposes,  though  without  any  evidence,  that  the  original 
values  have  been  vitiated  by  the  Brahmans  in  later  times.  The 
approximations  to  coincidence  with  the  results  of  calculation, 
observed  in  llie  preceding  elements  of  the  jilanetary  orbits,  do 
not  lake  place  in  any  of  the  otliers ;  and  Uie  difibrences  found 
to  exist,  on  making  the  comparison,  cannot  but  destroy  the 
conduction  which  might  have  been  drawn  from  the  former 
agreements ;  for  if  we  are  to  allow  that  all  tlic  elements  were 
obtauied  from  observation,  it  woidd  follow  that  they  should  all 
correspond  equally  with  the  dc terminations  of  theory.  By 
whatever  means  obtained,  the  elements  of  the  sun  and  moon 
are  given  in  tlic  tables  with  considerable  accmacy,  and  to  those 
elements,  probably,  the  Hindu  astronomers  principally  directed 
tlieir  attention  :  the  phenomena  of  the  planets  being  less  avail- 
able for  civil  or  religious  purposes,  the  movements  of  tliese 
celestial  bodies  may  have  been  less  constantly  stufUed. 

The  astronomy  of  the  Hindus  may  be  said  to  resemble  in 
many  respects  that  of  other  ancient  nations,  particularly  of  the 
Greeks,  from  whom  tliere  is  good  reason  to  believe  tliey  havo 
borrowed  their  planetary  system.  From  Mr.  CV)Iebrook's  paper 
Oh  the  notions  of'  Ike  Hindu  Astronomers*,  we  learn  lliat  the 
Hindus  place  the  earth  in  the  centre  of  the  universe,  and  sup- 
pose the  sun,  moon  and  planets  to  revolve  about  it  in  circular 
orbits,  witli  imifonn  velocities ;  and  that  in  order  to  explain,  on 
matliematical  princijdes,  the  inequality  of  the  planetary  motions, 
they  suppose  the  earth  to  be  at  a  distance  from  the  centre  of 
each  of  the  orbits,  which,  therefore,  maybe  considered  as  eccentric 
circles.  In  the  Sourj-a  Siddhanta  is  described  a  system  of  ec- 
centric deferents  with  epicycles,  very  much  resembling  the 
system  of  Ptolemy  ;  the  principal  diflerence  being  Uiat  the  epi- 
cycle is  said  to  have  been  supposed  of  an  oval  figure.  The 
'Aiialif  ftneirdics,  VoL  XII. 


332 


THE  ASTRONOMY  OF 


planet  is  imagined  to  move  on  the  epicycle  with  a  velocity  e 
aiid  in  a  contrary  direction,  to  tliat  of  llic  epicycle  on  the  t 
rent;  anrl  the  epicycles  belonging  to  JupittT  and  Satitm  i 
,  said  to  have  their  minor  axes  in  tlie  line  of  the  mean  conjnnctii 
of  their  respective  planet  with  the  sun.     The  dimensions  of  ll 
c])icycles  are  computed  by  Bliascara ;  but  this  astronomer  ( 
scribes  the  dcferenti  as  the  true  orbits  of  the  planets,  and  ob- 
serves that  the  epicycles  were  merely  devised  for  the  purpose  of 
facilitating  the  calculation  of  the  true  places. 

This  description  of  the  planctarj-  system  of  ihe  Hindus  cor- 
responds nearly  with  ihat  idea  of  a  system,  which  has  be«n 
drawn  from  the  construction  of  their  astronomical  tables.  SI. 
Bailly  obsencs  tliat,  iji  the  precepts  relatingto  the  tables,  ihc  nilc 
for  reducing  the  mean  to  the  true  place  of  the  smi,  moon  oraplanel 
by  the  equation  ofthe  centre,  makes  it  evident  that  the  orbits  of  d 
must  have  been  supposed  to  be  eccentric  ;  and  he  adds  that^  I 
linding  tlio  place  of  a  planet,  the  Hindus  use  a  fictitious  Ion} 
tude  found  by  the  continual  addition  of  the  mean  loQgitiU 
half  the  ctiuation  of  the  centre  and  half  the  parallax  of  tlie  i 
nual  orbit;  which  he  conceives  to  imply  that  the  inequal 
were  referred,  not  to  the  earth,  or  tlie  centre  of  the  sj-stem,  but 
to  an  angular  point  mid-way  between  the  sun  and  tlie  earth, 
and  corresponding  to  the  centre  of  the  equant  in  the  system  f 
Ptolemy :  Mr.  Colebrook  is,  probably,  therefore,  mistaken  wlij 
he  supposes  that  there  is  no  equant  in  tJie  Hindu  astronoi 
Tliis  fictitious  longitude  is  not,  however,  used  in  finding  ibe 
true  places  of  the  sun  and  moon,  and  AI.  Bailly,  from  tltencc, 
supposes  that  the  orbits  of  these  were  considered  as  nmpb 
eccentric  circles. 

The  attempt  of  the  Hindus  to  explain  from  jihysical  cat 
the  movements  of  the  planets  scarcely  descne  to  he  noticec 
but  the  following  account  of  their  opinions  respecting  this  sub- 
ject, as  slated  in  the  Sourya  Siddlianta,  is  given  by  Mr,  Cole- 
brook  in  the  paper  above  mentioned.  'Vhey  imagine  that  the 
planets  are  driveu  by  movements  of  air  along  tlteir  respective 
orbits,  and  that  there  is  one  great  vortex  carrying  ilic  stars  and 
plauets  Willi  prodigious  velocity  round  the  oailli  in  one  day ; 
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winds  or  currents  irapelliug  the  planets  are  supposed  to  be  such 
as  would  cause  them  to  move  always  iu  the  plane  of  ecliplicr 
and  with  equable  relocilies,  but  it  is  imagined  tliat  the  planets 
are  drawn  from  tlicir  courses  by  certain  controlling  powers 
situated  at  the  points  of  apogeuin  and  conjunction,  and  at  the 
nodes  of  the  orbit£  ;  and  these  powers  are  described  as  divini- 
ties or  invisible  planets. 

We  are  informed  by  Bailly,  that  the  Brahmans  suppose  the 
earth  to  rest  on  a  golden  mountain,  at  the  centre  of  the  universe, 
and  seven  worlds  or  planets  to  revolve  about  it;  the  moon  is 
placed  nearest  the  earth,  tlien  follow  in  succession.  Mercury, 
Venus,  tlie  sun,  &c.,  as  in  the  systems  of  the  Chaldeans  and 
Ptolemy ;  but  this  arrangement  does  not  appear  to  have  at  all 
limes  prevailed;  for  in  the  Bhaga  Vadam  which,  though  an 
apocryphal  work,  probably  contaius  notions  at  some  time  pre- 
valent in  India,  the  Hindus  lilic  the  ancient  Persians  are  said  to 
have  supposed  the  moon  to  be  more  remote  than  the  sun,  pro- 
bably bccauiie  it  gives  less  light  and  heat;  and  the  stars  to  be 
fish  swimming  in  ether.  In  a  representation  of  tlie  solar  system 
made  by  some  modem  Brahmans  there  are  described,  beyond 
the  orbit  of  Saturn,  two  circles  bearing  the  names  of  Natchallar 
and  Akaxh;  and  it  is  probable  that  these  represent  ihe  orbits  of 
some  of  those  imaginary  bodies,  or  divinities,  which  were  sup- 
posed to  disturb  the  motions  of  the  sim  and  planets.  Accord- 
ing to  Buchauuan,  the  Burmese  entertain  an  idea  tbat,  beyond 
Saturn  there  is  an  invisible  planet  named TfnAi/,  or  the  Dragon*, 
and  it  is  probable  this  may  be  identical  with  a  body  supposed  to 
move  in  one  of  tlie  orbits  just  mentioned.  The  vulgar  in  India 
are  of  opiniou  that  eclipses  are  caused  by  the  intervention  of  a 
monster  bearing  this  name. 

On  contemplating  the  monuments  of  Hindu  astronomy  we  can 
hardly  avoid  admitting  that  India  must  have  been  once  pos*- 
sessed  by  a  race  of  men  more  energetic  than  those  who  now 
occupy  that  fine  country.  Besides  the  tables  above  mentioned 
which,  if  not  entirely  original,  must  have  been  laboriously  con- 
structed with  materials  furnished  by  the  works  of  another  people, 
their  treatises  on  arithmetic,  algebra,  and  geometry,  are  proofa 
■  hi.  Ra.  Voi.  VI. 
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of  intense  application  to  the  pure  sciences;  and  tlioitgh  vctt 
few  of  their  astronomical  obscnatione  now  remain,  yet,  from 
many  hints  in  their  writings,  il  is  evident  that  these  hnd  not 
been  neglected.  A  Hindu  writer,  in  commenting  upon  a  pas- 
sage iu  the  Souiya  Siddbanta,  where  it  is  prescribed  tliat  tlie 
astronomer  should  form  a  sphere  by  which  to  examine  the  ap- 
parent longitudes  and  latitudes  of  Etars,  (evidently  designating  a 
sphere  similar  to  the  armillaiy  instruments  mentioned  hv  Ptole- 
my.) obsenes  that  there  should  be  an  additional  circle  gradmilcd 
in  degrees  and  minutes  and  suspended  on  the  axis ;  this  is  de- 
nominated an  intersecting  circle  and  is,  apparently,  a  circle  of 
declination ;  and  in  rectifying  the  sphere,  it  is  directed  that  the 
axis  should  be  pointed  to  the  pole,  and  that  the  horizon  should 
be  made  true  by  a  water  level.  The  instrument  being  thus 
placed,  tlie  observer  is  to  look  for  the  star  Jlfifali  Uiruugh  a 
eight  adjusted  to  an  orifice  at  the  centre  of  the  sphere ;  aiid  hail- 
ing found  it,  the  extremity  of  the  sign  Reiati,  on  the  ocliptic 
circle  of  the  instniment,  is  to  be  brought  to  coincide  with  the 
direction  of  the  line  of  sight.  The  latter  is,  next,  to  bo  tunicil 
to  the  star  whose  position  is  required,  and  the  moveable  circle 
of  declination  is  to  be  made  to  pass  tlirough  the  star ;  then  the 
distance,  in  degrees,  from  tlie  extremity  of  Remtt  on  the  instru- 
ment to  the  intersection  of  the  circle  of  declination  and 
ecliptic,  will  be  the  lomjilude;  and  the  number  of  degrees 
tho  circle  of  declination  reckoned  from  the  same  intersection 
the  place  of  tho  star  will  bo  tlie  Inlitiide^.  The  sign  Revali  is 
said  by  Mr.  Colebrook  to  be  the  last  of  the  twenty-eight  as- 
terisms  into  which  the  Hindu  zodiac  is  divided;  and  llie  star 
called  by  that  name  he  conceives  to  be  that  now  designed 
^  Piscium ;  which,  agreeably  to  a  deduction  from  an  observation 
ascribed  to  Brahma  Gupta,  and  to  an  hypotJiesis  of  Hailly*, 
was  situated  at  tlie  commencement  of  tlie  fixed  zodiac ;  and,  if 
vernal  etjuinox  coincided  witli  tlic  place  of  tljis  star  at  (he 
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posed  the  circumference  of  a  circle  of  ihe  sphere  to  be  divided 
into  three  hundred  and  sixty  degrees;  and,  like  the  Greeks,  they 
distinguished  a  degree 'by  a  word  signifying  a  part. 

Soou  after  the  dynasty  of  the  Abhasides  became  ))OBsessed  of 
the  throne  of  Bagdiid,  the  court  of  those  princes  was  honoured  by 
tlie  presence  of  many  distingiiiBhed  philosophers,  from  foreign 
countries,  by  whom  literature  and  science  were  introduced  among 
Uic  discipks  of  Mohammed.  That  Uie  astronomical  writings  of 
ilipparehuG,  of  I'tolemy,  and  of  those  who  followed  the  latter 
in  the  school  of  Alexandria  were  then  studied  by  the  Arabians, 
is  well  kndwn ;  and,  as  tlie  arms  of  the  Moslems  had  then  recently 
subdued  the  northern  part  of  India  as  far  as  the  Ganges,  it  is 
quite  reasonable  to  suppose  that  the  learned  men  of  that  part  of 
Asia  would  find  many  inducements  to  seek  the  patronage  of  tlie 
Xhalif  Al  Maimon  and  his  successors,  and  carry  to  the  rising 
metropohs  of  the  East  their  scientific  n'orks  and  tlieir  skill  in 
tlie  art  of  observing  the  heavens;  an  art  which,  subsequently 
to  tlie  decline  of  astronomy  in  Egy])l  and  the  eastern  ])arts  of 
Europe,  tliey  seem  to  have  diligently  practised.  It  is  even 
related  by  Ebu  Al  Adami  that  Mohammed  ben  Musa,  the 
aiitiior  of  a  treatise  on  algebra  (recently  translated  by  Mr. 
Itosas)  had  abridged,  at  the  request  of  Al  Maimon,  the  astrono- 
mical tables  coutaiued  in  the  work  of  some  liuidu  astronomer 
who  visited  the  court  of  Almansor  in  the  year  773  a,  c.  The 
use  of  the  gnomon  and  aslxolabe,  which  probably  had  ceased  in 
the  west,  was  therefore  revived  by  the  Arabians  from  tlie 
instructions  commuuicated  to  them  by  their  Hindu  teachers; 
and  hence  the  former  people,  in  describing  their  instruments  of 
observation,  so  fi'equently,  by  their  manner  of  designating  them, 
shew  that  Uicy  considered  tbem  of  Hindu  origin.  The  circle 
traced  at  the  foot  of  a  gnomon  to  determine  the  merichan  by 
the  equality  of  tlie  shadows  is  called  by  Ibn  JounJs  the  Hindu 
circle;  and  tliis  astronomer  adds  tliat  one  of  tlie  kind,  which  he 
had  described  for  himself,  was  traced  on  a  pavement  of  white 
marble,  while  tliat  of  the  Hindus  was  on  sand;  otlicr  Arabian 
writers,  also,  in  describing  the  astrolabe,  ajjply  to  it  a  like 
denomination. 

The  science  cultiratedf  apparently  with  so  much  zeal  and 
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^^^^ndustry,  by  the  ancients,  in  Clialdea  and  Egypt,  is  not  Hke^^ 
lo  have  been  confined  to  those  counlrics:  tliu  conqocal  of 
Egyjit  by  Cainbyses,  and  of  India  by  Darius  Hystiispes;  ikr 
connections  of  the  Ionian  Stales  with  the  court  of  Peisift,  tai 
lastly,  the  expedition  of  Alexander  the  Great,  must  have  p»cn 
rise  to  so  much  coaununication  between  the  different  pe«I^ 
inhabiting  tlie  terntories  lying  between  Italy  and  the  OaDgo 
as  to  render  it  impossible  that  the  discoveries  made  by  any  one 
of  tlioni,  in  astrouomy, which  possesses  so  maDV  points  of' 
interest  to  all  men,  should  not  have  been  almost  iminedi 
ailopted  by  the  others,  and  incorporated  with  th«  eleme 
which  they  previously  possessed.  Thus  the  cycJes  disoore 
by  the  Chaldeans  or  Egyptians,  who  may  be  coD&idered  as  I 
earliest  obsen'era,  may,  unless  we  adopt  the  bypotbem 
independent  discoveries,  have  been  couununicated  at  the  ea 
time  to  the  predecessors  of  Hipparchus,  in  Greece,  and 
those  of  Arj-abhatta  in  ludia:  and  the  slate  in  which  Uicy  wi 
received  in  the  latter  conntrj-;  probably  in,  or  previously  to  I 
age  of  the  Vcdas,  may  be  collected  from  the  ancivnl  trealii 
on  astronomy  which  are  attached  lo  the  several  works  benii 
that  denomination.  Tliese  treatises  relate  to  Uie  odjastnieDls 
the  calendar  and  tlie  comparison  of  solar  and  lunar  time  J 
the  formation  of  the  civil  year;  and  from  them  it  appears  lb 
in  a  period  of  five  years,  tlic  moon  was  supposed  to  make  < 
revolutions  to  tlic  same  fixed  star,  or  to  the  equinor,  (an  cxpn 
sion  from  which  Mr.  Benlley  infers  that,  at  this  time,  the  Illnd] 
had  no  knowledge  of,  or  disregarded  the  precession  of  tl 
stars,]  and  li'2  revolutions  with  respect  to  the  sun.  Tho  numb 
of  solar  days  assigned  to  the  cycle  just  mentioned  is  stated  I 
be  1830;  and,  therefore,  the  duration  of  a  synodical  rcvolutic 
of  tlie  moon  must  have  been  supposed  e<{ual  to  -|J*,  or  W 
Sundays;  comparing  this  with  llic  known  lengtli  of  such  » 
revolution,  the  error  is  found  to  amount  to  one  day  in  six  years, 
from  which  Bentlcy  also  concludes  that  the  Hindus  coi 
nut  then  have  been  able  to  detcnuine  the  times  of  tlio  conjui 
lion  and  opposition  of  tlic  sun  and  moon  for  six  yean 
advance;  much  less  could  ihey  have  ascertained  by  con 
tatiun  tlie  limes  of  the   eclipses   of  the   luminaries.      In 
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regulation  of  ihe  calendar,  tlie  rules  given  in  the  \'eda3  pro- 
scribed that  a  montli  should  be  doubled  in  tbe  middle  and 
at  the  end  of  lliu  quinqtienuial  period;  which  conset|uenlly 
conBists  of  three  common  lunar  years  and  of  Iwo,  containing, 
each,  thirteen  lunations:  the  yeai-  is  divided  into  six  eeosons, 
and  each  month  into  two  half  months;  the  day  also,  is  said 
to  consist  of  30  hours,  a  division  which,  according  to  Achilles 
Tatius",  was  in  use  among  the  Chaldeans,  and  each  hoiu-,  of  60 
minutes.  The  zodiac  is,  moreover,  divided  into  27  signs,  and 
tlie  first  is  said  to  include  tlie  cluster  of  stars  denominated 
CriUica  which  is  supposed  to  signify  the  Pleiades":  this  sup- 
position however,  is  at  variance  with  the  general  opinion 
concerning  the  place  at  which  the  Hindu  zodiac  commenced, 
but  it  is  probable  that  the  latter  did  not  become  fixed  till  long 
after  the  age  of  which  we  are  speaking.  In  a  note,  Mr. 
Colcbrook  observes  that  the  cycle  of  5  years  is  mentioned  by 
the  name  of  Vui/a  in  Parasara's  Institutes,  and  it  is  there  stated 
to  be  the  basis  of  calcidation  for  greater  cycles;  from  this,  the 
cycle  of  00  years  [12x5],  so  much  used  in  tlie  east,  was 
probably  formed,  and  subsequently,  fix)m  the  latter  arose  the 
cycle  of  3600  years  [60x60],  which  was  denominated  tlie 
Yugaof  Vacpali;  sixty  of  these,  or  216,000  years,  constitute 
the  Yuga  of  Prajanaiha,  and  the  double  of  this  last  is  the 
value  of  tbe  Cali-yuffa. 

The  cycles  of  60  years,  and  3600  years,  here  mentioned 
are  identical  with  the  Sossos  and  Saros  of  the  Chaldeans,  and  from 
them,  the  Hindus  may  have  formed  some  of  their  longer  poriods 
by  the  aid  of  their  own  observations  on  the  celestial  pheno- 
mena; in  lilie  manner,  the  restitutions  of  the  moon's  inequalities 
of  motion  may  have  been  adopted  by  the  latter  people  Jrom 
tliDse  discovered  by  the  former  before  the  lime  of  Aristotle. 
The  Hindu  periods,  though  not  the  same  in  quantity  as  those 
which  have  been  preserved  by  Gcminus,  and  which  we  consider 
OS  the  bases  of  the  lunar  theory  of  Hipparchus,  are  precisely 
tbe  same  in  kind;  and  may  easily  have  been  formed  from  tbe 
others,  according  to  iheir  own  estimates  of  the  length  of  the 
solar  year  and  of  tlic  age  of  the  world,  by  the  learned  astrono- 
'Ingagcop.  IB,  ill  Fetar.  I'ranol.  "  AiUt.  Ru.  rol.  VIII. 
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mers  of  India  who  are  menUoned  by  Brahma  Gupta,  andwlMn 
Mr.  Colebrook  supposes  to  have  lived  about  the  times  of  Hiji- 
parchiis  and  Ptolemy,  According  to  the  Narsapour  lahlcrs,  800 
[sidereal]  years  contain  29*2,207  days;  and  front  this  it  is  eridcnt 
that  the  Hindu  sidereal  year  was  equal  to  365.2&R75  Atn. 
Besides  lite  cycle  of  19  years,  in  which  are  conlaioed  233 
lunations,  the  Hindus  had  ttvo  periods;  the  one  of  1-2.36-2  days 
and  the  other  of  21,8^''  days,  in  which  respcc  lively,  they  foond 
that  the  moon  had  made  -153,  and  600  sidereal  revolutions; 
and  three  periods  in  which  she  made,  as  ibey  supposed,  an 
exact  number  of  revolutions  with  respect  to  the  apogeum;  the 
first  of  these  was  equal  to  2J8  days,  and  contiuned  9  revolii- 
tions;  Uie  second  to  3031  days,  and  contained  110  revolndoDs; 
the  third  to  12,372  days,  in  which  were  449  revolutions;  and 
these  cycles  were,  most  probably,  employed  subsequently  in  the 
construction  of  the  tables  of  the  movements  of  the  sun  and 
moon,  which,  in  the  last  century,  and  aAer  many  rcformatioofi, 
were  received  in  Europe.  With  respect  to  the  ptanctair 
periods,  Mr.  Colebrook  is  of  opinion  tliat  the  Iliniliis  merely 
Burmiscd  that  the  nodes  and  apsides  of  those  celestial  bodiet 
were  in  movement,  from  analogy  with  ihe  conrcspoDding 
motions  of  the  moon's  orbit:  he  conceives  ihat  they  were  unaUt 
to  verify  tlieir  conjecture  by  observation,  and  that  they  b^^| 
merely  asMgned  arbitrary  numbers  to  the  supposed  revolutiM^H 
in  order  to  bring  the  ))laces  right,  or  nearly  so,  conformably  ^B 
their  assumption  of  a  great  conjtmction  of  the  planets  with 
their  nodes  and  apsides,  in  a  certain  point  of  the  ecliptic,  at  a 
very  remote  period. 

In  a  paper  on  the  Hindu  systems  of  astronomy'  there  is  given 
a  table  of  Ihe  restilutions  of  the  solar,  lunar,  and  planetary  in- 
equalities, according  to  tlie  periods  ascribed  to  Brahma-GupU; 
from  which  it  appears  Uiat  in  a  Calpa,  or  in  4320  miUjans  of 
years,  Ihe  apsides  of  the  solar  orbit  made  480,  and  the  equi- 
noctial points  199,669  complete  revolutions  [ihc  mean  move* 
ment  of  the  latter  must  consequently  have  been  supposed  equal 
to   59"'7  yearly] ;    tliat,  in   llie   Eanie   time,  the   moon   ; 
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57,753,300,000  synodica!  revolutions;  her  apsides,  489,105,858; 
aiid  her  nodes,  232,311,108  revolutions.  Mr.  Davis  finds,  firum 
the  treatise  ascribed  to  Brahma-Gupta,  and  also  from  tlie  Sidd- 
Lauta  Siromani,  that  tlie  number  ol'  days  contained  in  a  Calpa 
was  supposed  to  be  1,577,910,450,000;  whence  coDsequcnUy,  the 
length  of  the  sidereal  year  must  have  been  considered  equal  to 
365.25S44  days. 

Like  llipparchus,  the  Hindus  determined  the  ineqiialities  of 
the  moon's  motion  by  means  of  eclipses;  and,  hence,  their 
llieory  is  destitute  of  ihe  equation  of  erection  which  was  dis- 
covered by  Ptolemy  from  observations  made  at  the  quadi'atures ; 
this  discovery,  by  some  chance,  never  found  its  way  into  the  as- 
tronomy of  India  and,  in  all  probability,  an  attai-hment  to  the 
ancient  method  of  observing  prevented  the  people  of  India  from 
atlentpting  a  comparison  of  the  observed  and  calcidatcd  places 
of  the  moon  when  she  was  in  any  otlier  position  than  the 
syzygies.  We  have  said  that  they  once  had  a  value  of  the 
precession  equal  to  that  assigned  by  Ptolemy;  and  il  is  to  be 
observed  that,  like  him,  in  computing  tlie  true  places  of  tlie 
planets,  they  suppose  tlie  conjunctions  and  opjtositions  to  be 
referred  to  the  mean  place  of  tlie  sun,  instead  of  the  true  place, 
and  the  mean  longitudes  of  Slercury  and  Venus  to  be  the  same 
as  that  of  the  sun.  Lastly,  in  tie  tables  of  Triavelore  and  of 
Siatn,  the  apogeum  is  supposed  to  be  fixed  in  space,  and  in  all 
these  respects,  there  is  a  close  conformity  with  the  astronomy 
of  Ptolemy ;  though  there  is  no  reasou  to  doubt  that  all  the 
above  circumstances  belong  equally  to  the  age  of  Hipparchus, 
if  not  to  one  still  earlier.  But  the  remaining  elements  belong  to 
an  astronomy  of  a  later  day  than  that  of  Ptolemy,  and  it  is  pro- 
bable that  the  Hindus  received  the  works  of  the  latter  astro- 
nomer only  through  the  medium  of  the  jVrabian  wiilers  and,  of 
course,  accompanied  by  all  or  many  of  tlie  changes  which  they 
had  introduced  in  tlie  science :  their  solar  equations  differ  from 
those  of  tlie  Greeks  and  Arabians,  as  if  they  had  been  formed 
by  taking  arithmetical  means  between  the  values  assign^  by 
both  these  people  ;  they  discovered,  or  adopted  from  the  latter, 
the  particular  movements  of  iheapogca  of  the  Sun,  Jupiter  and 
Mercury,  which  Ptolemy  considered  as  fixed  in  space,  and  their 
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precession  of  the  equinoctial  points  is  actaalljthatof  Albategnios: 
nor  can  it  be  doubted  that  the  lunar  tables  of  the  Hindus  were 
formed  posteriorly  to  the  time  of  Ptolemy,  because  the  mean 
motions  of  the  moon  with  respect  to  the  apogeum,  the  nodes 
and  the  sun,  are,  in  these  tables,  found  to  be  more  rapid  than  in 
those  of  the  Greek  astronomers:  and  these  movements  are 
known  to  increase  with  the  lapse  of  time.  We  may  observe, 
therefore,  that  though  the  elements  of  the  Hindus  tables  hare 
not  been  formed  immediately  from  those  of  the  Greeks  and 
Arabians,  which,  indeed,  is  proved  by  Mr.  Playfair  from  the 
want  of  coincidence  in  the  assigned  places  of  the  sun  and  moon 
at  the  supposed  epoch  of  the  Triavelore  tables  with  the  places 
determined  by  computation  from  the  tables  of  Ptolemy  and 
Ibn  Jounis ;  yet  there  is  nothing  to  prevent  us  firom  concluding 
that  the  astronomy  of  India,  originally  that  of  the  ancient  people 
of  Western  Asia,  has  received  successive  corrections  firom  the 
discoveries  made  by  natives  and  foreigners,  and  has  been  re- 
modelled at  various  periods,  down  to  the  end  of  the  seventeenth 
century. 

With  the  Mohammedan  power,  the  science  of  India  declined 
and,  notwithstanding  the  patronage  afforded  by  the  emperors 
Akbar  and  Aurengzebe,  and  the  magnificent  observatory  erected 
at  Benares  by  the  rajah  Jay  Sing,  it  has  not,  since,  been  revived 
in  that  country. 
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au  of  tlie  planet*  taken  sa  an  rpoch  by  tlie  Chinese.-  -The  bibb. 
a  of  the  ChinMe  jrear  at  one  time  niincided  with  Chut  of  the 
Uiiidiii_A  regulation  of  the  seaauns  by  the  Emperor  Vm>. — Aticient  oli- 
Hrvntiuiis  made  in  Chins  wicb  the  guutnun.— Dntruction  of  the  Chinete 
writings.  -  The  Chinno  hiatorieii  cimlnin  caiBlogues  uf  celestial  phenomena. 
Alleged  leieinhlancn  of  the  Chinese  sphere  and  those  of  the  Iliridiii  and 
Kg)'ptian>.— DirldoDi  of  time  in  uie  among  the  Peruvians  and  MexicaDi. 

The  aslronomy  of  Cliiua  may  vie  with  that  of  India  in  the  re- 
moteness and  obsf^urily  of  its  origin  ;  and,  like  tho  latler,  it  is 
supposed  to  liavc  commenced  with  a  primitive  epoch  at  which 
Uie  Eun,  moon,  and  several  planets  were  in  conjunction.  In  a 
Chinese  work  alleged  to  have  been  composed  about  llie  year 
204  Before  Cluist,  this  conjunction  is  said  to  liavo  been  ob- 
served or  predicted  by  tlie  Emperor  Tchuen-hi,  and  to  have 
taken  place  ui  the  constellalion  JTt;  and  the  writer  asserts  that 
143,127  years  had  elapsed  between  the  time  of  the  conjunction 
and  that  in  wluch  he  lived  * ;  now  M.  Bailly  disregarding  that 
pretended  interval  of  time,  has  found  by  computation "  tliat 
Mars,  Jupiter,  Saturn  and  Mercury  were  together,  on  the  mom- 
ing  of  February  28,  Juhan  reckoning,  in  the  year  2449  B.C. 
in  a  part  of  the  heavens  situated,  in  longitude,  between  the 
eighth  and  twenty -fifth  degree  of  ihe  Mgn  Pisces,  a  space  which 
must  have  been,  then,  comprehended  between  the  star  a  Arietia 
and  ihc  Ileiades :  and  hence  it  is  inferred  that  this  portion  of 
the  zodiac  must  have  coincided  with  the  Chinese  constellation 
Xi,  The  same  astronomer  found,  also,  that  a  conjunction  of  the 
sun  and  moon  took  [tlace  on  the  same  day,  in  the  nineteenth  de- 
gree of  the  sign  Aquarius,  or  near  the  star  {  Piscium  ;  these  he 
conceives,  therefore,  to  have  been  the  phenomena  alluded  to, 
which  is  not  improbable  since  historians  have  placed  in  tho 
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flaitiG  age  tlie  rei^  of  ihc  above  menlionetl  tnornreh,     Acconl- 
ing  to  Pcre  De  Mailla,  who  translated  the  Anmits  of  the  Em- 
pire, Tchuen-hi  collected  all  the  ancient  obserralions  which  had 
bccu  made  in  the  country  and  gave  precepts  for  cotopuliiig  die 
motions  of  the  sun,  moon,  and  planets;  and  it   appears  finn 
the  expression  in  tlio  original  work  that,  during  the  rpign  of  tbii^ 
prince,  and  in  the  year  which  was  distinguis^hcd  bv  the  above>a 
mentioned  conjunction  of  the  planets,  the  first  day  of  the  sprinn 
quarter,  by  whicli  we  are  to  understand  the  coin  men  cement  of 
the  year,  occurred  previously  to  the  first  day  of  Uie  first  moon. 
Mailla,  who  finds  by  compulation'  that  the  conjunction  took 
place  in  2461  n.  c.  makes  the  time  of  new  moon  two  days  later 
tiip.n  the  arrival  of  the  sun  at  a  point  in  Uie  ecliptic  whose  longi- 
tude was  10'  15°,  which,  then,  nearly  coincided  with  the  t 
i  Piscium,  that  is  with  tlie  first  point  in  the  fixed  zodiac  of  l] 
Hindus:  now  the  ancient  Chinese  always  made  their 
commence  when  the  sun  had  that  longitude,  or  was  45  degi 
westH'ard  of  the  equinoctial  point;  it  follows  tlierefore  that,  i 
tlie  time  of  Tcliuen-hi,  the  place  of  Uic  sun  at  the  beginning;  o 
tlie   Chinese   year,  and  the  oripn  of  the  liuidu  zodiac  i 
identical ;  and  Bailly  thence  infers  that  the  coincidence  v.H) 
result  of  design  on  the  part  of  tho  prince ;  no  other  reason,  1 
observes,  can  be  given  why  the  year  should  be  made  to  be^rim 
when  the  sun  was  in  a  part  of  the  heavens  which  is  not  d 
tinguished  by  any  remarkable  star,  nor  coincided  with  either  of'' 
tlio  equinoctial  or  solstitial  points ;  and  the  circumstance  may 
he  considered  favourable  to  the  opinion  tliat  the  astron<Hny  of 
China  was  derived,  at  some  period,  from  tlmt  of  India ;  or  that 
the  people  of  both  countries  drew  iheir  knowledge  of  the  science 
from  a  common  source.     The  origin  of  the  Chinese  fixed  Kodiae, 
or  tlie  commencement  of  their  constellation  Hiu,  is  not  however  J 
the  same  as  that  of  the  Hindus ;  it  is  supposed  by  Pi^rc  Olaiibffl 
to  have  coincided,  in  the  time  of  the  Emperor  Yao,  witJi  tlitti 
place  of  the  winter  solstice ;  and,  if  we  adopt  Bailly's  opinion  o 
Uie  age  in  which  this  prince  lived,  that  jilace  nuist  have 
about  the  middle  of  the  constellation  Aquarius. 


*  Hift.  Gcii.  de  la  CUiic,  Tom.  L 
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From  the  abstract  of  ihe  Chinese  History  given  by  M.  de 
Guignes  wc  loam  that  the  emperor  Yao,  along  with  the  other 
measures  adopted  for  the  improvemenl  of  his  people,  ]>romoted 
among  tliem  the  study  of  astronomy,  and  he  particularly  applied 
himself  to  the  correction  of  the  calendar;  he  directed  that  the 
length  of  tlie  year  should  be  365  days  and,  to  determine  the 
seasons,  lie  appointt-d  tlie  use  of  an  intercalary  moon;  probably 
signifying  that  an  additional  month,  or  30  days,  was  to  be 
introduced  every  120  years.  Fram  the  means  he  proposed  for 
distinguishing  the  commencements  of  the  seosous  an  efi'ort  has 
been  made  to  ascertain  the  age  in  which  he  lived;  accorthng  to 
Pere  Soucief,  be  iirescribed  tliat  tlie  equality  of  the  days  and 
nights  and  tlie  constellations  Niao  and  Ifia  should  indicate  the 
vernal  and  autumnal  seasons  respectively;  and  the  longest  and 
shortest  days  with  the  constellations  Ho  and  Mao  should  mark, 
respectively,  tlie  summer  and  winter.  Now,  of  these  constella- 
tions, it  is  known  that  Mao  designates  the  Pleiades;  and,  as  all 
the  four  should  be  in  or  near  the  cardinal  points  of  the  ecliptic, 
it  will  follow  that  Ho  must  coincide  with  the  beginning  of 
Scorpio,  Niao  with  the  beginning  of  Leo,  and  Htu  with  that  of 
Aquarius;  but  it  is  doubti'ul  in  what  sense  these  constellations 
were  to  indicate  the  seasons;  for,  if  we  suppose  that  their 
heliacal  risings  or  settings  took  place  on  the  respective  days  of 
the  equinoxes  or  solstices,  tlie  epoch  would  be  so  remote  as  to 
be  beyond  the  bounds  of  probability:  it  has,  therefore,  been 
considered  that  those  days  were  indicated  by  the  arrival  of  tlie 
constellations  on  the  meridian  soon  after  sunset;  and  if,  agree- 
ably to  tliis  supposition,  we  place  on  the  meridian  a  point  of  the 
ecliptic  whose  longitude  is  100  degrees,  in  which  case  the 
vernal  equinox  would  be  about  10  degrees  below  the  horizon 
towards  the  \Vest,  the  lime  at  which  the  constellation  Niao,  or 
the  first  stars  of  Leo  (whose  longitudes  are  now  about  150 
degrees)  occupied  the  point  on  the  meridian,  would  be  about  the 
year  1800  Before  Christ;  hence  the  reign  of  Vao  may  be  placed 
at  tliat  period,  and  M.  Bailly  by  a  similar  supposiljon  places 
it  about  500  years  earlier;  but  it  must  be  owned  that,  ehice  the 
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suppORition  may  be  varied  considerably,   Lbe   rcsiUl  obtained 
from  this  kind  of  estimate  is  extremely  uncertain. 

If  what  has  been  above  ascribed  to  Yao  be  correct  we  may  con- 
clude witli  La  Place  that,  in  the  time  of  this  prince,  the  a&tronouiM* 
of  Cliina  must  have  observed  the  arrival  of  the  sun  at  the  equi- 
noxes or  solstices  and  the  transits,  or  passages,  of  stars  overt^ 
meridian;  but  it  should  also  be  remarked  tlial  in  such  obi 
(ions  no  great  precision  was  necessary  nor,  probably,  attempt 
Before  the  time  of  Yao,  a  representation  of  the  hearc-ns  on  the 
surface  of  a  sphere  is  said  to  have  been  made  by  one  of  the 
sovereigns  of  the  country ;  but  modem  writera  have  ascertained 
that  the  word  formerly  translated  sphere  is  llie  same  a 
used  to  signify  the  cover  of  a  vessel;  and  the  most  tliat  c 
inferred  from  the  account  is  that,  in  some  remote  age, 
hadbecn  formed,  in  China,  a  sort  of  planisphere  exhibiting  iw 
like  those  of  Egypt,  a  view  of  the  constellations,  or  some 
princijjal  stars. 

From  a  Chinese  MS.  sent  by  Perc  Glaubil  to  M.  Delidc, 
appears  that  the  regent  Tchcou-Kong,  who  is  said  to  bare  lii 
between  the  years  1104  and  1098  Before  Christ,  caused  a 
ber  of  obsenations  to  be  matle ;  and  three,  on  the  lengtlis 
meridional  shadows  cast  at  the  times  of  the  winter  and 
solstices  by  a  gnomon  which  was  set  up  at  Loyaiig  in 
province  of  llonan,  have,  fortunately,  been  preserved.  Fi 
tliese.  La  Place,  after  making  the  necessary  corrections  for 
sun's  semidiametcr,  for  refraction  and  parallax,  has  det 
the  latitude  of  tbe  place  of  obsenation  to  be  34°  47'  10' 
and  the  obliijuity  of  tlie  ecliptic,  23°  54'  3";  and,  supposing 
observations  to  have  been  made  in  the  year  1100  Before  Chi 
the  value  of  tliis  element  exceeds  that  which  is  found,  for 
same  period,  from  llie  formula;  in  the  Mccaniquc  Celesto, 
2'  4 "  only,  a  difference  which  is  inconsiderable:  but  uul 
more  uncertain  from  the  dubious  light  aJlbnled  by  the  Chji 
bistories,  than  tlio  age  in  which  tliat  prince  is  supposed 
have  lived,  and  tlic  rude  nature  of  the  obsenalions  renders  i 
evidence  resulting  from  tho  near  coincidence  of  Uie  values  of  i 

liquity  any  thing  but  conclusi>c. 

Hie  uso  of  tbe  gnomon  must,  lioucver,  be  admitted  lo  li 
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been  very  ancicut  among  the  C'hinese,  but  the  first  notice  ob- 
tained concerning  it,  from  any  of  tLeir  written  works,  is  that 
given  in  the  Tchcou-li,  which  is  said  to  have  been  composed 
two  hundred  years  before  Christ ;  it  is  there  stated  that  the 
lengtli  of  the  shadow,  at  noon,  is  less  than  at  any  other  time,  on 
a  given  day ;  that  the  meridional  shadow  becomes  longer  as  we 
proceed  towards  tlie  north,  and  that,  in  proceeding  towards  Uie 
east,  the  shadow  arrives  earlier  at  the  uiinimum.  The  particular 
gnomon  alluded  to  is  said  to  have  been  8  feet  high  and  to  have 
consisted  of  a  vertical  pillar  with  a  graduatc^d  horizontal  bar,  at 
its  lower  extremity,  by  which  the  angular  distance  of  tlie 
celestial  body  from  the  zenith  might  be  computed ;  and  Coeheoa 
Kong,  who  lived  in  the  year  1280  of  our  era,  erected  one  whose 
height  was  40  feet  and  by  which  the  obliquity  of  the  ecliptic 
was  found,  in  his  days,  to  be  23°  33'  40":  between  the  ages  of 
Tcheou  Kong  and  of  the  last  mentioned  prince  three  other  ob- 
ser^'aUon6  of  the  oblitiuity  of  tlie  ecliptic  appear  to  have  been 
made ;  the  first  in  the  year  50  Before  Christ,  and  tlie  otliers  in 
the  years  460  and  030  since  the  commencement  of  our  era ;  all 
in  the  same  manner,  and,  which  is  tlie  best  proof  of  the  reality 
of  the  observations,  all  agreeing  in  the  indication  of  a  pro- 
gressive ibininution  of  that  element,  'llie  Jesuit  missionaries 
from  whom  so  much  inlbrmation  has  been  obtained  concerning 
the  state  of  tlie  sciences  in  China,  allege  that  Clepsydne  were 
used  at  a  period  as  remote  as  tlie  age  of  \'ao  for  measuring  time 
and  the  divisions  of  the  zodiac,  and  they  describe  a  machine 
having  some  resemblance  to  an  axmillary  sphere  with  which  it 
is  pretended  that  astronomical  observations  were  then  made: 
but  it  i»  very  curtain  that,  if  such  a  machine  existed  in  tliat 
country,  it  was  at  a  much  later  a  ;e  than  that  of  Vao,  when  the 
people  were  only  beginning  to  form  written  characters  and 
when,  consequently,  they  cannot  bo  supposed  to  liavc  con- 
structed such  instruments  as  armiUary  spheres  for  tlic  purpose 
of  detennining  the  places  of  stars. 

The  possibility  tiiat  the  ancient  Chinese  may  have  acquired 
some  knowledge  of  the  retro  gradation  of  the  equinoctial  or 
solstitial  points  has  been  inferred  from  the  positions  assigned  to 
the  winter  eolsticG  by  mcaiis  of  Iwo  recorded  obsunulJons ;  of 
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which  the  first  was  made  about  1 100,  and  tbe  olher, 
years  before  Christ :  the  diSerence  between  ilie  two 
alleged  to  be  nearly  9  degrees,  which  ought.  certaiiil<r,  to 
uhewn  that  the  solstice  had  retrograded  to  that  extent  tn  tbe 
inten-al;  but  as  no  notice  occurs  of  such  change  of  plare  in  any 
of  the  writings  of  that  people,  before  the  commeDccmeDt  of  our 
era,  we  can  hardly  avoid  concluding  that  the  diflerence,  if  st  d 
regarded,  was  ascribed  to  errors  of  obsenation. 

It  ia  related  in  the  histories  of  China  that,  at  a  period  cot- 
responding  to  tlie  year  164  of  our  era,  certain  foreigners  caiBe 
to  that  country  from  the  west ;  and  from  this  time  we  begin  la 
find,  in  its  astronomy,  facta  which  indicate  that  the  science 
made  considerable  advances  in  the  career  of  improvement ; 
consequently  more  than  probable  tliat  the  discoveries  of 
Chaldeans  and  Greeks  then  found  their  way  into  the  celestial 
empire,  through  the  medium  of  the  Hindus,  or  ol}ierwise,  and 
this  may  account  for  tlie  points  of  resemblance  observed  in  tbe 
astronomies  of  the  Chinese  and  Europeans.  About  370  years 
before  the  above  time,  tbe  writings  of  the  ancient  philosopben 
of  China  had  been  destroyed  by  the  tjTannical  Tsi-hoang-ti,  as 
those  of  tlic  Egyptians  and  Ch^ddeans  ademards  were  by  tbe 
fanalie  Omar;  in  both  cases,  from  an  opinion  that  ignorance  ia 
the  mother  of  piety  and  humihly,  and  an  apprehension  tlial 
acquisition  of  knowledge  is  detrimental  to  tlie  interests  of  religit 
and  government;  errors  which  have  not,  even  yet,  disappi 
ftom  the  earth.  But,  in  China,  as  in  Egj-pt,  an  enligfat 
sentiment  ahnost  immediately  succeeded  to  tlic  previous 
barism  ;  for,  about  50  years  afler  Utc  destruction,  a  coilectioft 
was  made  of  such  works  as  remained :  and  from  the  copies  of 
these  works,  or  rather  from  the  commentaries  suhsequentljr 
made  on  them,  in  which  it  must  be  expected  that  much  matl 
has  been  introduced  that  was  not  in  Uie  originals,  is  derived 
wc  know  of  the  ancient  science  of  that  remote  region. 

The  most  remarkable  circumstance  connected  with  tlie  Chinese 
astn>iioiuy  is  the  groat  number  of  eclipses  wliich  arc  noticed  in 
Uie  works  of  tlic  native  wrilers,  and  of  which  the  principal  an 
consigned  in  the  general  history  of  Cliina  translated  by  Pt^ 
MaiUa.     The  first  of  these  is  alleged  to  have  taken  place 
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the  morninft  of  a  neiv  moon  during  aulamn  in  ihe  sixth  year  of 
the  reign  of  Tclioug  Kong,  coinciding  with  the  year  2159 
Before  Christ ;  and  it  is  added  that  the  two  royal  astronomers 
whose  duty  it  was  to  announce  such  phenomena,  were  put  to 
death  for  having  oniiltetl  to  predict  it.  The  record  of  so  ancient 
a  jihenomcnon  naturally  excited  the  attention  of  the  Emopeans ; 
and  P^re  Glaubil,  with  other  missionaries  who  had  studied  tJie 
language  and  sciences  of  China,  endeavoured  to  ascertain,  by 
computations  founded  on  modem  tables,  if  the  eclipse  were  real 
or  not ;  the  result  of  their  researches  is  that  an  eclipse,  at  that 
season,  occurred  in  the  year  2155  Before  Christ;  and  it  is  con- 
cluded Uiat  this  was  the  echpse  mentioned  .in  tlie  history; 
though,  if  Die  tables  arc  to  be  depended  on,  it  was  so  small  as 
to  be  scarcely  distinguishable  to  any  but  astronomers;  and, 
therefore,  was  not  hkely  to  have  created  any  sensation  among 
the  common  people,  for  whom,  alone,  such  predictions  were 
madi" :  and  it  is  remarked  by  Delambre  that  if  we  permit  our- 
selves to  deviate  from  the  assigned  date  of  an  eclipse  four  years, 
earlier  or  later,  we  are  almost  sure  of  ^ding  one  nearly  cor- 
responding in  its  conditions,  with  that  which  is  given :  both  the 
eclipse,  therefore,  and  the  circumstances  related  concerning  it 
are,  probably,  fictions  of  the  Chinese  writer,  and  tlie  o]>inioii 
that,  at  the  age  in  which  it  is  said  to  have  occurred,  there 
existed  an  establishment  for  the  piu^mse  of  calculating  and 
observing  the  celestial  phenomena  cannot  be  considered  as  rest- 
ing on  any  good  foundation. 

Between  the  above  e|Mch  and  the  year  776  Before  Christ  not 
a  single  notice  of  an  eclipse  occurs  but,  from  that  time,  they 
follow  each  other  at  intenals  of  a  few  years,  till  the  year  1433 
of  our  era,  when,  after  a  blank  of  two  hundred  years,  three  or 
four  other  notices  terminate  tlie  catalogue.  All  the  eclipses, 
except  two,  are  of  the  sun ;  ten  of  them,  only,  have  the  hour  of 
the  day  given,  and  an  equal  number  are  marked  total ;  but  of  the 
rest  no  particulars  are  related,  consequently  they  do  not  admit 
of  verification.  A  work  ascribed  to  Confucius  contains,  how- 
ever, a  list  of  tliirty  six  eclipses,  said  to  have  been  observed 
between  tlio  years  776  and  480  Before  Christ,  of  which  all 
except  live  hare  been  proved  by  modem  calculations. 
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Those  who  deny  the  great  antiquity  of  the  Chinese  astrononiT 
suppose  that  these  eclipses  were  not  observed  but  simply  com- 
puteiU  in  after  times,  by  means  of  the  Hindu  or  other  tables 
which  may  have  been  in  use  among  the  learned  of  the  coantnr; 
but  it  is  a  serious  objection  to  this  opinion  that,  till  very  latdj, 
the  native  astronomers,  if  so  they  may  be  called,  were  unable  to 
make  such  computations.  If  we  leave  out  the  first  eclipse, 
aK>ve  mentioned,  there  b  nothing  to  prevent  our  admitting  tlut 
the  eclipses  were  really  obser\-ed  and  registered ;  the  Chioetie 
have  always  regarded  those  phenomena  with  a  sort  of  religions 
reverence*  and  this  would  naturally  prompt  them  to  preserve  an 
accouut  o(  such  as  they  mi^t  think  remarkable.  In  the  same, 
or  even  in  an  earlier  age,  the  Chaldeans  and  other  ancient 
pev^ple  must  also  have  made  similar  observations,  firom  whence 
were  deteruiined  those  lunar  j^eriods  which  appear  to  have  been 
known  in  Greece  long  before  the  time  of  Hipparchus ;  nor  is 
ther\'  any  thing  improbable  in  the  supposition  that  observations 
wluoh  r\\iuir\xl  only  the  use  of  eyes  or  the  most  simple  instni- 
uients  werv  made,  at  the  same  time,  by  two  people  at  the  opposite 
extnnwities  of  the  Asiatic  continent.  In  the  history  of  China, 
by  Mailla*  is  a  table  of  the  appearances  of  many  comets  observed 
in  that  counir\-  Unween  the  vears  525  Before,  and  1593  After 
i'lirist ;  and  v;irious  other  phenomena,  some  probable  and  others 
absunl  an\  also,  relatetl  in  the  same  work.  Several  observed 
api>ulsi^s  of  the  planets,  principally  Jupiter,  to  certain  fixed 
stars,  sul>sequeutly  to  the  commencement  of  our  era,  which  have 
Ihvu  collocteii  by  P.  Souciet  firom  the  ancient  writings  of  the 
CluneM.\  complete  our  knowledge  of  the  observations  made  by 
that  |HH*ple,  and  sufficiently  prove  the  great  attention  they  must 
have,  verj-  early,  jwdd  to  the  celestial  phenomena. 

lUit  it  must  be  admitted  that  the  Chinese  have  ever  had  few 
pn^tonsious  to  tlie  character  of  astronomers ;  their  obser^-ations 
Wing  of  tlie  nidest  kind  and  such  as  could  only  have  been  sub- 
sen*  ient  to  the  purposes  of  their  clironology  and  agriculture; 
and  no  hint  ap{K'aring  in  their  works  that  they  had,  at  any  time, 
attenipteil  to  form  a  tlieory  concermng  the  orbits  of  the  sun, 
moon,  and  planets.  'Die  only  deductions  known  to  have  bei*n 
made  from  their  observations  by  these  over-grown  iniSmts  in 
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science  are  the  luiii-solar  cycle  of  19  years,  correspond in^  to  that 
discovered  by  Melon ;  the  length  of  the  solar  year,  which  they 
found  to  be  less  than  965^  days,  and  that  of  the  lunar  year, 
wliith  they  made  to  consist  of  354^5  days ;  this  last  was  used 
by  them  for  general  purposes  and  it  is  said  tiiat  they  had  formed, 
from  il,  a  period  of  4017  years  which  tliey  supposed  to  include 
a  certain  number  of  revolutions  without  a  fraction.  Like  the 
Hindus,  Uicy  had  also  a  cycle  of  60  years  and  one  of  as  many 
days ;  and,  like  almost  every  other  people,  tliey  used  the  week 
of  seven  days.  Sir  George  Staunton  observes  that  the  cycle  of 
60  years  was  used  in  China  as  an  era  for  chronological  reckon- 
ing and  for  i-egulating  the  luni-solar  year:  and  he  relates  that 
each  year  of  the  cycle  is  distinguished  by  the  union  of  two 
characters  taken  from  such  an  an-angeraent  of  an  unequal  num- 
ber of  words,  placed  in  opposite  columns,  tliat  the  same  two 
characters  cannot  be  found  together  again  diuing  60  years.  Sir 
George  adds  that  "  the  year  1797  a.  c,  corresponds  to  the  fifty- 
fourth  year  of  the  sixty-eighth  Chinese  cycle ;  which  determines 
its  commencement  to  have  been  in  the  year  2277  B.  c.  unless  it 
be  supposed  that  all  the  official  records  and  public  annals  of 
the  empire  which  bear  testimony  to  it  should  have  been  falsi- 
fied."' About  the  year  721  of  our  era,  Y-lIong  is  said  to  have 
constructed  tables  shewing  tlie  daily  motion  of  the  sun,  and  to 
have  discovered  that  in  64  years  the  planet  Jupiter  made  Tyj 
revolutions  about  the  earth,  which  is  nearly  correct ;  but  it  does 
not  api>ear  that,  previous  to  the  introduction  of  the  European 
astronomy,  Uie  Chinese  had  even  observed  that  llie  movements 
of  tlie  planets  were,  alternately,  direct  and  retrograde.  At  b 
later  Ume,  the  periods  of  the  moon's  revolutions  with  respect  to 
the  apogoum  and  nodes  were  known,  and  a  catalogue  of  fixed 
stars  was  made,  which  has  since  been  lost.  The  ignorance  of  this 
people,  with  respect  to  the  simplest  operations  of  practical  as- 
tronomy, when  tlie  Jesuit  missionaries  were  first  estabhshed  in 
China,  that  is  about  the  year  1629,  is  however,  manifest  from 
tho  following  fact :  on  a  proposal  being  made  tu  intrust  the 
foreigners  with  the  correction  of  their  calendar,  which  was  then 
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become  estremely  erroneous,  tlie  native  aslronomors  cooKntal 
to  the  proposal  of  P.  Verbic-t  iLat  the  accuracy  of  the  Enio- 
peaii  science  sbould  be  put  la  tlie  test  by  a  computaticm  of 
the  length  of  tlie  meridional  shadow  to  be  cast  by  a  gnonion  of 
a  given  height,  on  a  given  subsequent  day :  this  escccdcd  the 
powers  of  the  Chinese  mathematicians,  and  the  agreement  be- 
tween the  obsened  length  of  the  shadow  and  that  which  the 
learned  fathers  had  determined  by  calculation,  was  imuiediatelr 
received  by  the  former  as  a  proof  of  the  superiority  of  their 
weslem  rivals. 

The  pure  Rciences  have  always  been  in  a  low  state  among  this 
ancient  people  ;  the  missionaries  foimd  that,  before  Uie  time  uf 
Coeheou  Kong, who  reigned  in  llie  thirteenth  century,  they  con- 
sidered the  proportion  between  the  diameter  of  a  circle  and  its 
circumference  to  be  exactly  as  1  to  3,  and  that  their  trigonome- 
try was  limited  to  a  inctliod  of  calculating  the  sides  of  phmc 
right  angled  triangles ;  nor  does  it  appear  that,  till  lliey  were 
instructed  by  tlic  Euro]>caus,  they  had  advanced  one  slop  fur- 
ther ;  in  this  respect,  therefore,  they  seem  to  have  been  for  in- 
ferior to  their  neighbours,  tlie  Hindus.  It  is  wortliy 
however,  that  originally,  like  the  mathematicians  of  Europe,  t 
conceived  the  circumference  of  a  circle  to  be  divided  i 
360  degrees ;  but,  it  is  said,  that,  as  early  as  the  year  200  Befa 
Christ,  they  began  to  use  a  division  of  the  circumference  i 
365j  parts  or  degrees,  which,  evidently,  must  have  been  iiilv 
duced  in  order  that  one  such  part  might  correspond  to  the  n 
doily  movement  of  the  sun ;  and  it  is  added  tltat  they  used  | 
centesimal  subdivision  of  the  degrees. 

Some  points  of  resemblance  are  alleged  to  exist  in  the 
zodiacs  of  the  Chinese  and  those  of  the  Eg}'{>tians  and  Uindufi; 
from  whence  it  has  been  inferred  that  tlie  former  peopla  adcqit- 
ed  that  division  of  tlie  heavens  which  had,  jireviously,  been 
made  by  tlie  others.  It  may  be  true  tliat  the  sun's  place  in  the 
heavens  at  tlie  commencement  of  the  year,  both  in  India  oitd 
China,  was  at  one  time  the  same,  and  coincident  with  the  com- 
mencement of  the  Hindu  fixed  zocUac ;  and  it  is  certain  thai  ■ 
the  three  people  divided  the  zodiac  into  twenty  sovci 
eight   lunar  mansions;   for  that  the  Chinese  did  so  wc  1 
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from  Pere  Souciet  who,  in  the  second  volume  of  liis  observa- 
tions, relates  that  an  astronomer  of  their  nation,  in  tlie  year  104 
Before  Christ,  measured  the  extent  of  tlie  twenly  eight  con- 
atellalians  by  means  of  an  instrument,  probably  a  Clepsydra, 
and  adds  that  a  similar  measnremeDt  was  made  207  years  after- 
ward. Agiun,  in  a  copy  of  a  Chinese  map  of  the  heai'eiis,  Mr. 
Ramiisat  obsen'ed  that  the  constellaljoii  Orion  is  designated  by 
a  name  signifyuif^  a  conqueror,  which  seems  to  correspond  witlt 
the  character  of  that  hero  in  the  Grecian  fables ;  and  that  the 
stars  in  Pegasus  are  divided  between  two  Jif^res,  as  in  the 
planisphere  at  Denderah,  but  all  tliese  coincidences  are  too  un- 
certain, or  have  too  much  the  appearance  of  being  accidental, 
to  afford  much  ground  for  tlie  opinion  that  the  representations 
of  tlie  celestial  sphere  wore  copied  by  any  one  of  these  people 
from  either  of  tlie  others ;  and,  as  it  appears  that  the  divisions  of 
tlie  Chinese  zodiac  were  originaUy  situated  on  the  circumfer- 
ence of  the  equator,  though  they  were,  at  a  subsequent  time, 
reduced  to  that  of  the  ecliptic,  on  which  circle  they  were  placed, 
from  tile  first,  by  all  otiier  nations,  it  is  much  more  probable 
tliat  the  astronomers  of  the  cast  and  west  had  recourse  to  their 
imaginiitions,  independently  of  each  other,  when  they  found  it 
convenient  to  arrange  tlie  stars  in  particular  groups. 

Some  knowledge  of  astronomy  must  have  existed  among  the 
inhabitants  of  the  Ameriean  continent  long  before  that  conti- 
nent was,  by  the  voyages  of  the  Spaniards,  made  known  to  the 
people  of  Europe ;  and  either  because  man,  independently  of 
instruction,  is  naturally  led  to  adopt  similar  means  for  determin- 
ing tlie  seasons  and  the  divisions  of  lime,  or  llial  the  first  occu- 
piers of  that  vast  region  brought  with  them  the  processes  which 
they  hod  followed  in  Asia,  from  whence  they  came ;  the  prac- 
tices of  the  Peruvians  and  Mexicans,  as  far  as  they  went,  cor- 
responded nearly  with  those  of  the  ancient  people  of  the  eastern 
world.  According  to  Acosta  "  the  former  obsen-ed  the  days  of 
the  equinoxes  and  solstices  by  means  of  gnomons  which  they 
erected  before  the  temples  of  the  sun;  and  it  is  said  that  they 
divided  tlie  year  (which  they  made  to  consist  of  365  clays)  into 
12  months  of  30  days  each,  adding,  like  tlie  Egyptians,  five 
*  Novi  artn*  Hiitoria,  Lib.  VI.  cap.  3. 
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days  at  the  end  of  the  twelve  months,  to  complete  the  period: 
the  Mexicans,  according  to  the  account  given  by  GemeUi  Car- 
reri,  in  the  Giro  deV  MundOy  divided  the  860  days  into  18  months 
of  20  days  each :  they  also  used  a  cycle  of  13  years,  conformably 
to  the  number  of  their  gods,  and  another  equal  to  four  of  these, 
or  52  years.  The  eighteen  months  were  united  by  threes,  in 
the  interior  of  a  ring  ornamented  with  hieroglyphical  figures, 
which  was  discovered  in  the  country ;  and  Bailly  very  reason- 
ably supposes  that  these  months  are  subdivisions  of  a  primary 
division  of  the  year  into  six  parts ;  fi*om  which  it  would  appear 
that  this  people,  at  one  time,  like  the  Hindus  and  Arabians, 
made  use  of  a  period  of  two  months  or  60  days.  It  is  worthy 
of  remark,  also,  that  the  general  mode  of  reckoning  time,  in  use 
among  the  Tahitians,  till  they  adopted  the  European  calendar, 
was  by  the  year,  which  consisted  of  12  or  13  months ;  by  the 
season  or  half  year,  and  by  a  month  of  30  days  *. 

*  Poljrnesian  Researches,  VoL  I.  dup.  4. 
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CHAPTER  XVII. 

TUE    ASTRONOMY    OF   EUROPE    DURING    THE    MIDDLE    AGES. 

Revival  of  Aitronomy  in  Europe — The  lyitem  of  eccentric  apherea  and 
epicycle!  adopted  by  Purbach. — The  lyttem  o£  horoocenuic  apherea  revived 
by  Fra  Caaioriua.— The  forte  of  prejxidice  in  philosophy. — Decline  of  aitro- 
lofcy.— Cnpernicii*  propotei  a  ayitem  founded  on  the  movement  of  the  earth 

about  the  nun Explanation  of  the  direct  and  retrograde  tnovemenl)  of  the 

planet*  according  to  the  aynem  of  Copernicus.— The  threefold  motion  of 
the  earth — Fini  uae  oF  penduluma  for  aiironomica]  purposes — Hyputbesii 
of  Copeniiciit  concerning  the  variations  in  the  positions  of  tbo  ei|uiucictiiil 
points — The  elements  of  the  lalar  orbit  supposed  to  be  variable. — Alethod 
of  determining  the  diitaneci  of  the  planets  froin  the  sun  and  eartb.--Com- 
.  plexiiy  of  the  system  of  Cnpemicua. 

The  sciracc  of  astronomy  which  may,  in  some  respects,  be  said 
to  have  atlvanctfl  towanls  perfcclioii  during  the  rL-i)ras  uf  the 
Mohatnniedau  princes  of  Cairo  and  Bagdad  was,  througli  the 
Arabians  who  had  settled  in  Spain,  communicated  to  the  people 
of  Europe ;  and,  as  the  teamed  men  of  tlie  east  had  founded  all 
their  improvements,  on  the  system  of  Ptolemy,  it  was  natural 
that  the  same  system  should  form  the  groundwork  of  the  astro- 
nomy bitrodiiced  by  them  into  this  part  of  the  world ;  in  fact, 
WC  find  that  the  treatises  on  this  science  which  were  then,  first, 
composed  by  Europeans,  consist  wholly  of  compilations  from 
Ptolemy,  with  comments  upon  tJie  comments  previously  made 
by  Ihc  Arabians.  Such  were  the  works  of  the  astronomers 
patronised  by  Alphonsus,  king  of  Castile,  all  of  whom  lived 
about  the  middle  of  the  tliirteenth  eeutury  ;  consequently,  about 
the  time  tliat  learning  was  ou  the  decline  in  Asia  and  Egypt: 
but  these  were  chiefly  persons  of  the  Jewish  persuasion,  and 
their  writings  are  ditifignred  by  what  appear  to  be  cubalhstic 
reveries,  which,  among  that  people,  then,  usurped  the  place  of 
Inie  philosopliy.  'ITiu  prince  just  mentioned  caused  to  be  com- 
puted a  set  of  asttonomical  tables  agreeably  lo  the  hypotheses 
of  Ptolemy,   and  coulaiuiug  sundry  corrections   of  the  mean 
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morcmenU  of  the  pianists,  with  Eomc  additional  equations  IbnB- 
ed  with  reference  to  the  imaginary  trepidation  of  the  equinoctul 
points ;  a  doclriiie  to  which  mathematicians,  at  that  time,  tena- 
ciously adhered  though  founded  on  data  which  we  should  now 
think  unworthy  of  the  least  confidence.  We  have  mentioned  in 
what  manner  this  pretended  libration  was  supposed  to  haro 
been  proved  from  a  comparison  of  ohservations  made  hy  Ptole- 
my with  tlioso  ascribed  to  a  pscudo-IIennes ;  and  we  may  now 
remark  that  a  like  inequality  in  the  motion  of  the  equinoctial 
points  wafi,  with  as  little  reason,  inferred  from  a  comparison  of 
tlic  ]»lace  of  Spica  Virginis,  according  to  the  obsen-ations  of  » 
certain  Milieus  who  cultivated  astronomy  at  Rome  in  Ihc 
of  Trajan,  and  tliat  assigned  to  the  same  star  by  Alph< 
after  an  interval  of  1100  years.  Tlie  former  ohsen^er 
tlic  longitude  of  Spica  equal  to  5'  26°  lo ,  and  the  latter,  6'  13* 
48'  * :  hut  the  Alpbonsines,  computing  backward  with  the  aop- 
posed  value  of  tlie  general  precession,  [1  degree  in  72.8  years,] 
determined  Uiat,  if  Uie  procession  had  been  unifonn,  the  lon^ 
tude  of  the  star  in  the  lime  of  Milieus  would  have  been  5*  27* 
59';  and  they  concladed  that  the  difference  [1"  37*]  was  caused 
by  a  movement  which  the  equinoctial  points  had  made  in  a  di- 
rection contrary  to  that  of  the  general  precession.  In  feet, 
however,  the  longitude  of  that  star  in  the  time  of  Milieus  was 
equal  to  5'  27°  22',  and  in  that  of  .\lphonsus,  6'  18"  SO*,  ihe 
error  of  tlie  former  astronomer  being  1°  7'  in  defect,  and  of  the 
latter,  18  minutes  in  excess  ;  and  this  result  will  serve  to  shew 
tlie  degrees  of  accuracy  with  which  the  observations  must  lure 
been  made. 

Like  some  of  the  Arabian  astronomers,  Alphonsns  seemk  to 
have  been  little  satisfied  with  the  notions  then  previUcnt  con- 
cerning the  planetary  systems,  and  is  said  to  hare  obserred  that 
if  the  Deity  had  deigned  to  consult  him  at  the  creation  of  th« 
universe  he  could  have  suggested  one  less  complex.  Tbaa 
charge,  BO  improperly  preferred  against  Uie  Author  of  Nattm 
might  luive  been,  with  some  appearance  of  justice,  urj^  against 
the  system-makers  of  his  own  time ;  who,  in  the  attempt  (o 
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unilo  tlic  material  Hphores  of  Calippus  or  Aristotle  witli  the 
epicycles  of  ApoUonius  and  Ptolemy,  had  produced  a  clumsy 
machine  utterly  inconsistent  with  that  simplicity  which  bos 
always  been  conceived  to  be  the  essential  quality  of  a  work 
attributed  to  the  immediate  agency  of  the  Supreme  Intelligence. 

The  Kabbi  Isaac  Abeiisid,  to  whom  was  entrusted  the  forma- 
tion  of  the  Alpboneine  tables,  finding  that  the  change  which 
would  result,  in  the  placL<B  of  the  equinoctial  points,  from  the 
law  of  Ircpidfttion  assigned  by  Thebith,  was  not  sufficient  to  ac- 
count for  Uie  increase  in  the  Innnptudos  of  the  stars  since  the 
lime  of  Ptolemy,  made  Uie  ])eriod  iii  which  the  oscillatory  mo- 
tion of  those  points  was  compensated,  equal  to  7000  years,  and 
united  this  movement  with  that  of  a  uniform  progression  in  the 
circumference  of  the  cchptic,  which  he  supposed  to  be  com- 
pleted in  JOOOO  years ;  but  the  adoption  of  these  numbers 
seems  to  have  no  other  foundation  than  the  proportion  they  bear 
to  the  sabbatical  period  of  seven  years,  and  to  that  of  the  Jubilee, 
which  is  equal  to  forty-nine  years. 

The  century  in  which  the  disciples  of  the  Arabian  ecliool 
were  cultivating  astronomy  in  Spain  was  distinguished  by  the 
labours  of  Albertus,  Dishop  of  Ratisbon,  who  composed  a  Irea- 
tifto  on  the  sphiTe,  and  of  the  English  mathematicians,  John 
Halifax,  or  Sacro  Hosco  as  he  was  called,  and  Roger  Bacon ;  Uie 
first  of  whom  exccutcrl  an  abridgment  of  tlie  Almagest  with  a 
commentary ;  and  the  last,  so  celebrated  for  his  erudition  and 
the  persecutions  he  uuderu-cnt  from  the  ignorance  and  malice  of 
men  of  his  own  order,  besides  many  discoveries  in  mechanics, 
chemistry  and  optics,  was  the  first  to  shew,  probably  from  ob- 
servations made  by  himself,  tliat  the  days  of  the  equinoxes  hap- 
pened earlier,  with  respect  to  the  calendar,  ihan  tliey  did  in  the 
time  of  Ptolemy;  and  lie  concluded,  in  his  Oput  Miijuit,  ifaal 
the  anticipation  was  equal  to  one  day  in  135  years,  which  is 
nearly  cnrrecl ;  in  the  same  work  he  notices  also  tlio  error  in 
the  period  of  Calippus,  which,  he  rightly  observes,  is  equal  to 
one  day  in  304  years ;  and  from  these  circumstances  it  i«  evi- 
dent, as  Bailly  has  shewn,  that  this  remarkable  ecclesiastic  had 
the  merit  of  foreseeing  the  necessity  of  correcting  the  calendar 
tiiree  centuries  before  that  correcUou  was  actually  made. 
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A  dark  period  in  tLe  liistory  of  asUonomy  extends  from  i 
end  of  the  thirteenth,  to  the  middle  of  the  fifteenth  < 
when  Purbach,  iu  his  Tlirorieie  norte  Pbinetamm  which  • 
published  in  1460,  proposed  a  rctura  to  tlie  bypotbeeis  nfina- 
terial  spheres,  invented  by  the  more  ancient  philosophers  to 
keep  t}ie  bodies  composinf^  the  solar  system  in  their  elfinal 
paths ;  to  tliis  he  was  induced,  probably,  by  a  desire  to  avoid 
the  difficulty,  which  then,  from  the  attention  beginning  to  lie 
paid  to  physical  subjects,  seems  to  have  bees  felt,  in  conceiving 
why  those  bodies  should,  without  any  known  cause,  describe  in 
space  the  circumferences  of  imaginary  circles  whose  centre* 
moved  also  upon  the  circumferences  of  other  circles  equally 
imaginary.  In  tlie  system  of  Purbach,  as  in  that  proposed  by 
Albategnius  and  Alfragauus,  the  exterior  and  interior  surfaces  nf 
the  spherical  shells  were  not  concentric ;  between  the  interior 
surface  of  the  outer  shell  and  the  exterior  surface  of  the  next 
interior  shell,  as  between  two  walls,  auotlier  spherical  shell, 
bearing  the  planet,  revolved  in  the  mauner  of  an  epicycle,  in  a 
direction  contrary  to  that  of  the  deferent ;  and,  to  produce  these 
movements,  two  diSercut  raolivo  powers  (anima)  were  supposed 
to  act.  The  earth  was  still  supposed  to  be  the  centre  of  the 
universe :  the  system  of  shells  constituting  the  eighth  sphm, 
■  or  that  of  the  fixed  stars,  was  made  to  include  the  seven  qSK 
terns  of  spheres  immediately  connected  with  the  planets,  uid'|^| 
revolve  about  the  earth  with  llic  diurnal  motion.  'l 

The  dispositions  and  movements  of  the  planetary  sphcTrvs 
may  be  imagined  front  the  following  explanation  of  the  system 
proposed  by  Purbach  for  the  lunar  orbit.  Acconliiig  to  this  os- 
Ironomer,  the  moon  may  he  supposed  to  be  accompanied  by 
seven  chrystallinc  shells,  or  hollow  spheres,  constituting  ihrec 
deferents  or  principal  orbs,  surrounding  the  earth  at  certain  di-u 
tances,  and  two,  or  rather  four  epicycles.  The  exterior  sitr&ce 
of  the  first  orb  x,  [Plato  IV,  fig.  2.]  was  supposed  to  be  concen- 
tric witli  tlie  earth,  e,  and  to  coincide  with  the  interior  sur&cc 
of  the  lower  orb  belonging  to  the  system  of  Mercuiy ;  the  cvntn.- 
of  the  interior  surface  of  ,\  may  be  supposed  at  c,  at  a  certAin  dii- 
tance  from  tlic  earth  :  nitliin,  and  concentric  with  this  surlikco, 
went  two  other  orbs  y  and  z,  tlie  former  in  contact,  Itnl   the 
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Other  at  some  distance  from  l)iat  surface,  so  that  between  them 
there  was  a  s[)ace  within  which  were  the  two  concentric  orba 
u  and  p  forming  the  first  epicycle ;  and,  in  the  space  between 
these,  the  two  o  and  n  wliieh  constitute  the  second  epicycle : 
between  these  last  the  moon  herself  was  situated.  'File  deferents 
V  and  z  were  supposed  to  revolve  on  a  common  axis  passing 
through  c  perpendicularly  to  tlie  plane  of  the  moon's  apparent 
orbit  in  the  hearens;  the  epicycles,  d  and  F,  on  one  common 
axis  passing  through  s,  and  a  and  u,  on  another  passing  through 
y;  and  these  last  axes  remain  constantly  parallel  to  them- 
selves, and  to  the  first  axis  tltrough  c,  while  they  revolve,  respec- 
tively, roujidc  and  s,  their  centres  of  motion.  A  p  is  the  line  of 
the  apsides  and  when  the  moon,  by  the  revolution  of  the  epi- 
cycles, is  brought  to  a,  in  contact  with  the  eccentric  sphere  y, 
she  is  in  the  auge  or  apogcum  of  her  orbit,  and  this  sphere, 
being  snpposed  to  have  a  velocity  of  revolution  from  west  to 
east  equal  to  the  progression  of  tliat  point,  was  colled  the  de- 
ferent of  the  auge,  as  if  tlic  latter  had  been  a  material  point  at- 
tached to  the  surface  of  the  sphere.  The  orb  x  revolved  from 
east  to  west  about  an  axis  passing  tlirough  E  perpendicularly  to 
the  plane  of  the  ecliptic,  with  a  velocity  equal  to  that  of  the 
moon's  node;  it,  thtrefore,  caused  tlicretrogntdatiou  of  this  point 
upon  the  ecliptic,  and,  on  this  account,  was  called  the  deferent 
of  the  node.  The  orb  z  was  called  the  deferent  of  the  first 
epicycle,  and  this,  the  deferent  of  the  second ;  and  the  diameters 
of  these  epicycles  were  imagined  to  be  equal  to  the  distances 
between  the  shells  which  contaiued  them.  The  movement  of  s, 
which  was  uniform  about  c,  represented  the  moon's  mean  mo- 
tion :  and  tliis  was  modified  by  the  movements  of  v  about  s,  and 
of  Uie  moon  about  v,  so  as  to  produce  the  obsened  first  and 
second  inequahties  of  the  motion  in  longitude. 

At  tlie  end  of  the  fiAeeuth,  or  the  beginning  of  the  sixteenth 
century,  the  system  of  bomocentric  spheres  ascribed  to  £u<loxus 
and  Calippus  was  revived  by  Fra  Castorius,  with  the  addition 
of  several  new  spheres  imagined  for  the  purpose  of  explaining 
the  movements  of  the  planets  and  fixed  stars,  which  were  ii 
known  to  those  ancient  astronomers ;  and,  in  a  treatise  entitled 
Homocenlnca,  he  has  explained  at  lengtli  tlicir  disposition  and 
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tbe  muiiner  in  which  tbej  perfomi  tbrir  mtdmions.    TW  n 
tion  of  lUese  hypotheMft  may  be  tedious,  and  whal  b«  h 
long  tiiace  abandoned  nut;  icem  scarcely  descrring  of  d 
tion,  but,  since  the  dawn  of  a  brighter  day  of  Bcseoee  w«i  in  Uitf 
age  fast  approaching,  we  feel  oumelT-es  josUfied  in  | 
abort  account  of  tliela^it  of  the  systems  which  nay  bee 
as  belonging  to  the  Grecian  school  of  astroaoioy. 

The  spheres  wliich  accompany  each  of  the  fire  | 
divided  int^)  two  clasuvs,  each,  except  in  the  case  ofjl 
sisting  uf  iivc  spheres;  these,  beginning  with  thai  on  Uw ex- 
terior, arc  rcHpectively  denominated  circomdnictor,  csralor,  ctai- 
Iravector,  anlicircitor,  and  second  contravector.  Tfaiu  Salon^ 
Jupiter,  Venus  and  Mercury  are,  each,  mored  by  ten  ^ibeni, 
but  on  tile  exterior  of  the  system  of  each  planet,  except  Satora, 
is  one  additional  sphere,  for  the  purpose  of  preventing  the 
spheres  of  any  planet  Jrom  commumcating  their  general  nm- 
ponnded  movement  to  Uiosc  of  the  next  interior  plamt.  Mm 
has  nine  spheres  in  all,  of  which  that  on  the  exterior  is  for  llw 
pur]iose  last  mentioned,  and  the  remaining  eight  arc  divided  iato 
two  classes,  each  consisting  of  a  circumductor,  s  circitor,  a  con- 
Iravoctor  and  an  anticircttor.  Tlic  sun  has  four  splicrcs  and  thi 
inoon,  seven.  And  Irom  the  combination  of  the  general  ditunal 
motion  of  tlio  heavens  with  the  proper  morement  produced  ia 
each  planet  by  its  attendant  orbs,  it  results,  according  to  Fra 
Ca«torius,  tliat  the  real  morement  of  tlie  planet,  as  well  aa  that 
which,  to  a  spectator  on  llie  carlli,  it  appears  to  hare,  is  in  tbo 
direction  of  a  spiral  curve. 

For  each  superior  planet,  in  the  spheres  of  tlic  first  claas,  the 
cireuniductor  revolves  upon  the  axis  of  the  ecliptic  in  tho  period 
of  llio  planet's  sidereal  revolution  about  the  earth  ;  under  tliis  i« 
the  eircitor,  which  revolves  upon  an  axis  lying  in  llic  plane  of  the 
ecliptic,  in  the  situation  of  the  wean  line  of  llie  nodes  of  the  ap- 
parent orbit,  and  whose  poles  are  carried  through  iu  circumfer- 
ence in  the  period  just  mentioned :  under  the  eircitor,  and  upon 
an  axis  whose  polos  revolve  about  Uie  pules  of  the  latlcr  8pbcr[> 
at  certain  distances  fniin  ihem,  revolves  tlie  contrarector  in  a 
contrary  order,  and  with  twice  its  velocity,  so  that  tlie  last  two 
fcplicres  produce  a  trepidation,  or  movemeut  alternately  direct 
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and  retrograde,  in  longitude,  of  a  point  in  this  sphere  represent- 
ing the  place  of  the  planet's  node,  togetlier  with  an  alternate 
movement  of  the  apparent  orbit,  in  latitude ;  which  alternations 
of  motion  in  longitude  and  latitude  were  supposed  to  he  com- 
pleted in  the  time  of  the  planet's  sidereal  revolation.  The  antl- 
circitor  follows,  under  the  contraveclor,  and  the  axis  of  this 
sphere  has  a  movement  in  the  same  order  as  that  of  the  circitor, 
but  the  revolution  of  tlie  sphere  on  its  axis  is  directly  contrary 
to  that  of  the  circitor  on  its  axis ;  and  lasUy,  comes  the  second 
contravector  whose  office  is,  to  form,  witli  the  anlicircitor,  a  new 
movement  of  trepidation  diminishing  that  of  the  orbit  in  latitude 
which,  by  the  movements  given  to  the  first  circitor  and  contra- 
vector, it  seems  to  have  been  impossible  to  avoid  making  too 
great,  without,  at  the  same  time,  diminishing  too  much  the  ex- 
tent of  the  trepidation  of  the  node  in  longitude.  In  the  sphct 
of  the  second  class,  for  each  superior  planet,  the  first  was  the 
circumductor  which  revolved  upon  the  axis  of  the  ecliptic  in  tiie 
interval  between  two  consecutive  conjunctions  or  oppositions  of 
the  planet  with  the  sun;  under  this,  in  the  same  order  as  before, 
follow  the  circitor  and  contravector,  which  produce  a  trepidation, 
or  an  alternation  of  the  planef  s  motion  in  longitude,  together 
with  the  corresponding  variations  of  its  latitude ;  and  finally, 
come  the  anticircitor  and  second  contravector,  whose  usee  arc,  to 
diminish  the  latitude  which  would  result  from  tlie  movements  of 
the  two  former  spheres.  The  last  sphere  was  supposed  to  carry 
the  planet  itself " :  thus  the  first  five  spheres  produced  tlie  direct 
and  retrograde  movements  supposed  to  have  been  observed  in 
the  nodes  of  the  planet,  and  those  variations  of  the  planet's  mo- 
tion in  latitude  which  recur  in  the  course  of  its  eidercal  revolu- 
tion about  the  earth ;  and  tlie  last  five,  produced  the  direct  and 
retrograde  movements  of  the  planet  itself  and  the  varintions  of 
its  velocity,  both  in  longitude  and  latitude,  which  are  accom^ 
plished  in  tlie  period  of  a  revolution  with  respect  to  the  sun. 

The   principal   differences  between   the   movements  of  the 
spheres  belonging  to  the  inierior,  and  tiiose  belonging  to  the  su- 
perior planets  are,  that  the  lirst  circumductor,  in  the  former,  is 
made  to  revolve  about  its  axis  in  one  year,  the  time  in  which 
'  llomoceaU-ica,  *«ct.  2. 
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iho  Sim,  the  apparent  centre  of  Uieir  elongations,  rerolres  aboafe 
the  cartli,  and  the  second  cirriiindnclor  rerolres  about  \i»  axis 
in  the  interval  betncen  two  inferior  conjnuctioDs  of  each  pUnatj 
and  the  trepidation  produced  b;  the  ctrcitor  and  contravedoT,  11 
the  seeond  class  of  spheres,  extends  on  either  side  of  the  Eunfl 
far  as  the  greatest  elongation  of  the  planet  from  that  luminajyV 
Fotir  spheres  were  supposed  to  accompany  Uie  siia,  and  of  Ouem 
the  first  is  placed  immedialely  UDdir  Mars,  in  order  (hat  dfl 
motion  of  the  luminary  may  not  be  affected  by  Uiat  of  the  plaiUB 
under  this  is  a  circumduetor,  which  revolves  in  a  year  oa  ■ 
axis  coincident  willi  that  of  the  ecliptic ;  and  tlicn  follow,  dl 
circitor  and  contravector,  by  which  an  alternately  direct  and  M 
trograde  niovcment  is  produced  in  longitude;  tliis  movvinta 
being  combined  n-ith  the  superior  movement  of  the  circuuKltM 
tor,  which  is  constantly  in  direct  order,  produces  the  appaxaq 
accelerations  and  retardations  of  motion  ohservL-d  in  the  soflji 
Tlie  orbs  which  accompany  the  moon  are  staled  to  be  sevein 
the  first  is  placed  immediately  under  the  sphere  of  Mercury  ti 
counteract  the  effect  produced  by  the  spheres  of  tliat  planet ;  H/i 
second  is  made  to  revolve  on  the  axis  of  the  cchptic  in  a  dire0J 
Uon  contiary  to  the  onler  of  the  signs,  and  with  a  velocity  eqidi 
to  the  retrogradation  of  tlie  moon's  node ;  the  Uiird  is  a  circuw 
ductor  which  also  revolves  upon  the  axis  of  the  ocUptic  bHi 
in  direct  order,  and  accomplishes  its  revolution  in  the  time  of  ■ 
sidereal  revolution  of  the  moon  ;  then  follow  the  circitor  and  con 
travcctor,  which  produce  an  altematelj'  direct  and  retrogrofl 
movement  in  longitude  and  a  motion  in  latitude  ;  and,  in  coiS 
biuation  with  the  movement  of  the  circitor,  eauso  the  dina 
motion  of  the  moon  to  be  alternately  accelerated  and  retardoM 
lastly,  come  llio  anticircitor  and  second  contravector,  whdv 
movements  diminish,  as  in  Hic  systems  of  tJie  planets,  the  lalflj 
lude  which  would  result  from  the  movements  of  the  two  Ibmifl 
spheres ".  fl 

Tlie  system  proposed  by   Fra  Oastorius  for  the  fixed  nUam 
consisted  of  four  spheres,  which  together  constituted  what  wM 
colled  the  eighth  sphere,     'llic  first,  or  the  Primum  Mobile,  tm 
volved  on  llie  axis  of  the  equator  from  cast  to  west,  in  34  hoaiK 
*  IIotnocwttriM,  icot.  3.  *  Ibid.  1 
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and  carried  within  it  all  llie  other  epheres.  The  second  was  a 
circilor,  whose  axis  of  revolution  was  supposed  to  he  in  the  line 
joining  the  mean  places  of  tlie  equinoctial  points,  and  the  tliird 
was  a  coutravector  whose  axis  of  revolution  was  incluied  to  that 
of  the  last  sphere  at  a  small  angle ;  by  the  contrary  revolutions 
of  these  two  spheres  the  true  equinoctial  points  obtained  a  move- 
ment of  trepidation,  which  was  supposed  to  be  completed  in 
3fl00  years,  and  to  extend  about  4  degrees  on  each  side  of  their 
mean  places.  The  fourtli  may  be  considered  as  a  ciicumductor ; 
its  axis  of  revolution  coincided  with  that  of  the  echptic,  and  it 
performed  a  revolution  from  east  to  west  in  36,000  years;  tlms 
causing  the  general  retrogradation  of  the  equinoctial  points, 
whicli  was  inJej>endcnt  of  the  movement  of  trepidation  just 
mentioned '. 

The  number  of  sjiheres  required  in  the  llieory  above  described 
is  sixty-seven  ;  but  the  inventor  proposes  ten  others,  to  improve 
the  representation  of  the  phenomena  of  Uie  fixed  slors,  and  two 
additional  ejibercs  for  the  sun ;  which  would  make  tlie  whole 
number  amount  to  seventy-nine.  The  theory,  however,  does  not 
seem  to  have  long  enjoyed  any  rcputalion,  and  Ricciolus,  in  liis 
Nmmm  Almayestum  **,  says  it  was  rejected  by  the  best  astrono- 
mers iu  his  days,  the  distances  it  assigns  to  tlic  different  planets 
not  agreeing  with  those  indicated  by  tlieir  observed  parallaxes; 
and  tho  solid  spheres  not  being  compatible  witli  the  observed 
movements  of  the  comets.  It  may  be  added  that,  in  tho  age  of 
which  we  are  speaking,  tiic  apparent  magnitudes  of  the  sun  and 
moon  were  known  lo  be  variable,  and  this  circumstance  is  irrc- 
concileable  with  the  hypothesis  of  concentric  orbs ;  but  tlie  in- 
ventor of  a  system  is  seldom  at  a  loss  for  a  prop  to  uphold  the 
edifice  he  has  raised ;  and  Castorius  supposes  that  the  celestial 
spaces  are  filled  with  matter  of  various  degrees  of  density,  in 
consequence  of  which,  when  a  planet  passes  from  a  rarer  to  a 
denser  medium,  it  appears  larger,  from  tlic  greater  refraction  of 
the  lighL  By  a  ^milar  explanation  lie  accounts  tor  the  various 
durations  of  the  echpses  of  the  moon:  the  image  of  the  sun,  ho 
observes,  being  more  or  less  magnified,  the  cone  of  shadow  cast 
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by  the  earth  is  more  or  less  thick ;  and  hence  Ihe  moon  taliea 
longer  or  shorter  tune  to  pass  through  it. 

The  system  of  eccentric  spheres  which  had  been  invi 
by  Purbach,  was  adopted  by  his  pupil  llegiomontanus,  aai 
continued  during  tlie  following  centuiy  to  he  received  in  expla- 
nation of  the  cause  of  the  celestial  movemenLs,  but  additions 
were  made  to  it  subsequently  to  the  tiuio  of  those  matbcinnti- 
cians  in  order  Uiat  its  parts  might  correspond  more  neariy  nith 
those  in  the  system  of  Ptolemy.  The  system  thus  modified  was 
{xiblished  by  Magini  in  1589;  and  it  may  he  considered  u 
formed  directly  from  that  of  the  Alexandrian  aslronomer  by 
substituting  material  spheres  for  imaginary  circles.  Each  pli 
was  supposed  to  have,  besides  tlie  epicycle  moving  betw 
two  eccentric  spheres,  a  sphere  supplying  the  place  of 
equant  or  circle  of  mean  motion;  and,  in  tlie  solar  orbit,  the 
eccentric  sphere  was  in  like  manner  supposed  to  revolve  on  Ibo 
surface  of  another,  to  produce  the  movement  of  the  apogcnm 
and  the  observed  variation  of  eccentricity.  Four  spheres  were 
given  to  the  fixed  stars  as  in  Uie  system  of  Costorius,  for  tbe 
purpose  of  explaining  the  phenomena  they  were  supposed  lo 
exhibit,  and  the  ecliptic  of  the  Primum  Mobile  was  conaidend 
aa  invariable  in  space;  each  pole  of  the  ecliptic  belonging  |o 
t}ic  next  interior  sphere  was  supposed  to  have  a  libratoi^*  motion 
about  the  nearest  pole  of  the  fixed  cchptic  by  means  of  two  sutdl 
spheres,  of  which  one  was  a  deferent  and  the  other  an  epicycle, 
and  thus  was  produced  the  variations  in  the  obhquity  of  tlw 
ecliptic  to  the  equator.  Each  of  the  e'liiiuoctial  points  belong- 
ing to  tiie  Uiird  sphere  from  the  exterior,  was  also  supposed  to 
have  a  libratory  motion  about  the  corresponding  point  on  the 
fixed  ecliptic  by  means  of  a  small  deferent  and  epicycle,  to 
account  for  what  appeared  to  be  the  variations  of  tlie  fixed  stars 
in  longitude  and  latitude;  and,  finally,  tlie  interior  ephcro  wa« 
supposed  to  produce  the  mean  precession  in  longitude.  Nothing 
is  more  remarkable  in  tiie  ancient  astronomy  tlum  tliat  the 
opinion  of  an  alternately  direct  and  retrograde  movement  of  the 
fixed  stars  in  longitude,  and  of  a  movement  in  latitude,  sliould 
have  so  long  pnivuilcd;  since  it  is  now  well  known  that,  though 
such  movemeula  do  exist,  Ihcy  aie  much  too  small  to  have  l>evn 
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detected  by  the  instruments  then  in  use;  and,  therefore,  tlie 
«liiiiion  must  have  originated  in,  and  have  been  supported 
during  all  the  time  on,  errors  of  observation.  Kicciohis  observes, 
liowever,  that  llie  astronomers  of  the  school  of  Alpbousus  sup- 
posed the  true  motion  of  the  sphere  of  the  fixed  stars,  with 
rcspcet  to  tlie  equinoctial  points,  to  be  always  direct,  but  the 
velocity  to  be  variable,  so  tliat  when  this  motion  was  more  switl 
tliaii  that  of  the  sun,  it  seemed  to  be  direct;  when  more  slow, 
to  be  retrograde.  And  when,  from  superior  accuraey  in  the 
instnnueuts,  and  better  modes  of  observing,  Uiis  apparent  retro- 
grodatiou  woe  no  longer  found  to  exist,  the  opinion  still  prevailed 
tliat  the  muvcment  of  the  equinoctial  points  was  variable,  thougl 
both  really  and  apparently,  iii  direct  order. 

The  systems  of  the  universe  thus  "  wilk  epicycle  and  eccentric 
scribbled  o'er"  may  be  considered  as  having  prevailed  from  the 
age  of  ApoUonius  to  the  end  of  the  sixteenth  century;  and  their 
complexity  went  on  increasing  with  time  till  it  became,  at 
length,  BO  great  as  to  render  them  unfit  for  the  purpose  of  assist- 
ing the  imagination  in  conceiving  the  motions  of  the  heavenly 
bodies:  the  removal  of  the  prejudice  in  favour  of  the  stability  of 
the  eartli  and  of  the  circular  movements  of  planets,  which  had 
(akon  possession  of  the  minds  of  the  first  astronomers,  like 
a  pleasing  but  noxious  plant  spontaneously  springing  up  in  a 
virgin  soil,  and  which,  nourished  by  a  blind  respect  for  the 
Bentiraentsofthc  learned  men  of  antiquity  had,  for  centuries,  been 
taking  root,  was,  however,  a  work  of  too  great  difficulty  for 
men  in  ages  virhen  freedom  of  thought,  in  philosophy  and  reli- 
gion, was  considered  equally  criminal.  But  the  energies  of  the 
human  mind,  though  hul>Ie  to  be  occasionally  subdued,  are 
incapable  of  being  utterly  destroyed,  and  a  happy  idea,  as  it 
were  by  an  inspiration  Irom  hea\'cn,  comes  in  due  time  to  rouse 
ihe  donnanl  powers  of  man;  then,  disregarding  tlie  beaten 
track,  he  boldly  prosecutes  his  researches  in  the  new  found 
way  and,  for  a  long  time,  discoveries  follow  each  otlier  with 
astonishing  rapidity.  A  revolution  of  this  nature  took  place 
at  the  commencement  of  the  seventeenth  century ;  and,  before 
the  light  of  sound  philosophy,  vamshcd  the  eironeous  notioiu 
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of  the  ancients  concerning  the  system  of  the 
witli  the  idle  dreams  of  judicial  astrology. 

We  have  sliewn  that  an  attachment  to  this  pretended  art 
vailed  to  a  great  extent  in  the  heathen  world;  the  desire  whi 
all  men  feel  to  penetrate  into  fiiturity  had  rendered  the  practice 
it  profitable,  and  i\s  professoTB  bad,  in  tlie  hope  of  greater 
and  credit,  a  motive  to  lay  its  foundations  in  the  true  scieitce  of  ( 
stars;  but,  as  these  persons  sometimes  presumed  to  ioterfere, 
their  predictions,   in  political  matters,  it  was  to  be  expccletf ' 
that  they  should  occasionally  render  themselves  obnoxious  to 
the  constituted  authorities ;  and  we  find  that  they  were  frequeatlv 
banished  from  Rome  as  enemies  of  the  state.     The  first  Christ 
ians  who  considered  any  enquiry  into  the  hidden  purpKiiM^s  ti 
the  Di'ity  to  be  an  act  of  impiety,  entertained  the  utmost  linrrar 
of  astrology,  and  compelled  such  of  their  proselytes  as  had  been 
addicted  to  it,  immediately  to  abandon  the  ])racticc  of  (he  ait 
on  ptun  of  excommunication;  but  the  disciples  of  Mohammed 
seem  to  have  been  subject  to  no  such  prohibition,   fur  thcj 
devoted  themselves  to  the  study  with  the  greatest  ardour,  and  it 
would  seem  that  all  their  researches  in  astronomy  were  direclod 
only  to  that  end:  the  writings  of  this  people  were  the  cause 
the  art  was  introduced  into  Kurope;  and,  it  is  not  woiidcrfiil! 
that,  in   an  age  characterised  by  credidily  and  ignorance,  it' 
should  be  as  eagerly  pursued  in  this  part  of  the  world  as  it 
been  in  the  East;  in  fact,  nearly  all  the  astronomers  of  Europe 
from  tlie  time  of  Alphousus  even  to  that  of  Copernicus  and 
Kepler,  wcro  deeply  imbued  with  this  degrading  superstitioB. 
From  time  to  lime  the  voice  of  some  person  more  enligbtenad 
than  his  contemporaries  was  raised  to  shew  llie  vanity  of  astro- 
logy, but  the  fears  and  hopes  of  man  continued  to  support  the 
delusion  till  tlie  fallacy  of  some  predictions  to  which  great 
purtancc  had  been   attached,    disabused   persons   of  supt 
information:  from  that  time  the  popular  prejudice  in  its  1 
began   to   abate,   and  gradually  the   art   itself  fell    into 
tempt.     Picus  de  la  Mirandola  was  one  of  its  first  opponi 
but  his  opposition  was  at  the  time  considered  impious, 
was  predicted  that  he  would  perish  by  divine  justice  before 
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was  Uiirty-three  years  of  age:  in  fact  he  died  at  the  age  of 
tliirly-lwo;  and  it  is  more  than  probable  tbat  the  astrologers 
took  efiectiial  steps,  by  poisoning  a  dangerous  enemy,  that  their 
prediction  should  be  fulfilled. 

During  the  1400  years  which  bad  elapsed  since  tlie  time  of 
Ptolemy,  the  doctrine  of  the  immobility  of  the  earth  was  per- 
tinaciously maintained  by  the  astronomers  of  Asia  and  Europe 
and,  to  support  the  system  formed  upon  it,  in  spite  of  its  insuf- 
ficiency to  account  for  many  phenomena  which  the  nimierous 
obscri'ations  made  in  that  time  had  brought  to  light,  it  was  ne- 
cessary to  have  recourse  to  the  most  extravagant  hypotheses 
and  to  complicate  the  machinery  of  the  heavens  to  such  a 
degree  as  to  divest  it  of  every  semblance  of  possibility;  but 
while  nearly  all  the  learned  in  Europe  were,  with  servUe 
timidity,  following  the  palli  of  their  predecessors,  one  man  alone, 
in  the  beginning  of  the  sixteentli  century,  ventured,  though  with 
cautious  steps,  to  trace  a  route  which  appears  to  lead  almost  di- 
rectly to  the  true  system  of  the  universe;  this  was  Copernicus  who, 
in  1543,  published  his  work  "De  revolutiomhun  orltium  cwles- 
Hum",  in  which  the  phenomena  of  the  movements  of  the  planets 
are  explained  on  the  supposition  that  the  eartJi  has  a  motion 
upon  its  axis  and  about  the  sun.  Wo  have  seen  that  this  hy- 
pothesis had  suggested  itself  to  many  of  the  ancient  philoso- 
phers, but  no  attempt  Iiad  been,  before,  made  to  found  upon  it  a 
system  of  astronomy,  and,  tliercfore,  to  this  work  of  Copernicus 
we  must  ascribe  the  origin  of  thai  revolution  which  took  place 
in  the  science  when  the  parent  idea  was  confirmed  by  the  dis- 
coveries of  Kepler  and  Newton. 

It  must  be  observed,  however,  that  Copernicus  wanted  all 
those  arguments  in  support  of  the  opinion  that  Uic  earth  was 
endowed  with  a  movement  of  rotation  and  translation,  which 
have  been  drawn  fi-om  discoveries  made  subsequently  to  his 
time ;  and,  in  reply  to  the  objections  of  his  contemporaries,  who, 
&om  tlie  pride  which  is  ashamed  to  yield,  persisted  in  the  doc- 
trine they  liad  so  long  maintained,  he  could  only  urge  the  sim- 
plicity of  the  sj-stem  and  appeal  to  what  he  considered  the  tes- 
timony of  the  ancients  in  its  favour.  Thus,  in  tlio  preface  to 
his  work,  written  when  near  his  lost  moments,  he  deprecates  the 


866  THB  ASTBONOMT  OF  BUBOPB  [CHAP. 

censuie  of  the  reader  for  publishing  a  theory  so  contzaiy  to  that 
which  was  generally  received  in  his  time,  and  excuses  himself 
on  the  ground  that  he  is  not  the  author  of  the  idea  which  he 
takes  as  the  basis  of  his  system  of  the  universe.  He  quotes  a 
passage  from  Cicero  in  which  it  is  stated  that  Heiaclides,  Ec- 
phantus  and  Nicetas  supposed  the  earth  to  revolve  about  the 
centre  of  the  universe,  and  that  Philolaus  had  asserted  the  earth 
to  be  one  of  the  stars;  and  he  shews  that  Aristotle  and  Plutarch 
have  ascribed  to  the  Pythagoreans  the  opinion  that  the  earth 
turns  about  the  central  fire,  which  he  supposes,  erroneously  as 
we  have  seen,  to  signify  the  sun.  But  we  find  that  though  the 
comparative  simplicity  of  his  system  recommended  it  to  a  few 
men  like  himself  who  could  give  up,  in  favour  of  an  hypothesis, 
what  appeared  to  be  the  evidence  of  their  senses ;  yet,  with  the 
generality  of  mankind  it  happened,  as  might  be  expected,  that 
the  latter  outweighed  every  consideration  drawn  firom  percep- 
tions of  beauty  or  convenience;  and,  if  we  add  to  this,  the  opi- 
nion then  entertained,  that,  to  consider  the  earth  as  holding 
only  the  same  rank  in  the  universe  that  was  occupied  by  the 
other  planets,  instead  of  regarding  it  as  the  principal  object  for 
which  the  sun,  moon  and  stars  were  created,  was  to  hold  a  doc- 
trine directly  opposed  to  that  taught  in  the  Scriptures,  we  shall 
not  be  surprised  that  the  reasonings  of  Copernicus  and  his 
disciples  were  long  in  acquiring  any  influence  over  the  minds  of 
men :  indeed  it  cannot  be  said  that  those  reasonings  were  gene- 
rally adopted  till  the  discoveries  of  Galileo,  in  mechanical 
science,  had  disposed  the  learned  to  reflect  that  the  movements 
of  the  planets  might  be  regulated  by  the  laws  which  influence 
the  mutual  actions  of  terrestrial  bodies. 

It  must,  however,  be  distinctly  understood  that  the  planetary 
system  promulgated  by  Copernicus  is  very  far  removed  firom 
that  which,  at  present,  is  distinguished  by  his  name ;  which  can 
be  said  to  have  originated  only  when  Kepler  had  discovered  the 
ellipticity  of  the  orbits  of  the  sun,  moon  and  planets;  and  to 
which,  indeed,  it  corresponds,  only,  in  the  circumstance  of  the 
eaith's  motion :  his  system,  on  the  contrary,  has  many  points  of 
resemblance  to  that  of  Ptolemy,  and  the  reasons  by  which  he 
establishes  the  nature  of  the  orbits  are  nearly  the  same ;  h^  lays 
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down,  as  a  principle  *  that  the  universe  must  be  spherical  because 
a  sphere  is  the  most  perfect,  or  the  most  capacious  of  figures ; 
that  the  uatural  motion  of  a  sphere  is  circular  and  that  it  ex- 
presses its  form  by  its  motion";  he  observes  that  the  apparent 
inequalities  of  planetary  movements  have  regular  returns,  which 
could  only  be  the  case  with  bodies  moving  in  circular  orbits ; 
and  he  concludes  that  those  movements  must,  in  reality,  be 
uniform,  since  no  cause  can  be  assigned  for  any  iuequahty, 
either  oxtomal  or  internal,  witli  regard  to  bodies  whose  nature 
is  BO  regular.  'ITie  spherical  form  of  the  earth  is  inferred  from 
the  appearance  presented  by  a  ship  as  it  approaches  to,  or  re- 
cedes from  a  spectator  on  the  shore :  and,  in  a  section  which 
treats  of  the  place  of  the  earth,  he  argues  tliat,  since  the  motions 
of  the  planets  cannot  be  represented  by  homoccntric  circles,  and 
that  every  planet  has  its  own  centre  of  motion,  no  reason  can  be 
given  why  the  earth  rather  than  any  one  of  these  centres  should 
be  in  the  midst  of  the  universe ;  also,  in  combating  the  argument 
which  tlie  ancients  drew  from  the  descent  of  heavy  bodies, 
he  obsen'GS  that  there  is  no  reason  to  suppose  this  property 
peculiar  to  tlie  earth  and  if,  in  tliought,  says  he,  we  place  our- 
selves in  any  other  planet,  even  iu  the  sun,  wo  shall  then,  still, 
think  ourselves  at  tlie  ceutrc  of  the  celestial  movements. 

Ptolemy  had  orged  in  support  of  his  opinion  of  the  earth's 
immobility  that,  if  it  revolved  on  its  axis,  all  the  objects  on  its 
surface  would,  by  tlie  swiftness  of  the  motion,  be  thrown  from 
ihence  and  dispersed  in  space ;  and,  in  reply  to  this  argument, 
Copernicus  turns  it  against  the  objector  by  obsening'  that  the 
diumalrevolution  of  the  sphere  of  the  universe,  on  its  axis,  would 
be  more  likely  to  derange  the  situations  of  the  heavenly  bodies ; 
adding,  though  it  should  be  admitted,  as  the  ancients  supposed, 
that  such  revolution  was  necessary  to  prevent  the  stars  from 
falling  to  the  eartli,  yet  this  would  only  hold  good  of  those 
which  were  at  oue  particular  distance  from  thence ;  those  more 
distant,  he  observes,  having  greater  velocity  would  continually 
recede,  and  the  heavens  would  have  no  bounds.  This  argument, 
which  is  drawn  witli  so  much  propriety  from  physical  consider- 
'  lUd.  Lib.  I.  Oil.  i. 
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alkjos  b  fiJkMred  br  a  iMlinhiiiii  ■!,  aad,  eeitBnlr.  a 
leK  wlwiartofT  leagon  why  bodies  dhoold  be^mbu  on  the  imfccc 
of  the  earth  DOtvithstamfing  ito  laaicmeut ;  for  he  ofaeerres  duA 
things  which  are  natnral  are  gOTcmed  bjr  lawa  oootsuy  to  thoM 
which  appear  in  whalerer  is  rioleoi  and  oppoaed  to  the  order  of 
nature.  Such  a  reply  is  much  in  the  taste  of  the  ancient  schoohi 
the  question  being  left  just  as  it  was  Ibimd ;  bot,  tlMwgli  jt 
appears,  from  this  observation,  that  the  ideas  of  Copernicus  con- 
cerning centrifbgal  forces  were  not  more  fixed  than  those  of 
Anaxagoras,  yet  the  Polish  philo60|dber  qieaks  ahnost  the 
language  of  Newton  when  he  says^  that  the  cause  why  sab- 
stances  near  the  earth  tend  to  its  centre  is  only  a  natoral 
tendency,  given  by  the  Supreme  Being  to  all  particles  of  matter, 
to  unite  and  form  globes ;  a  tendency,  he  adds,  by  which  the 
sun,  moon  and  planets  probably  acquired  the  s|Aerical  fixm, 
and  which  did  not  prevent  them  from  performing  their  difieivnt 
revolutions.  The  planets  therefore  being  in  motimi,  he  inieis 
from  analogy  that  the  earth,  also,  is  in  motion ;  but  the  supposed 
motion  of  the  sun  being  thus  transferred  to  the  earth,  the  former, 
he  observes,  may  be  at  rest ;  and  he  proceeds  to  shew  how,  cm 
tills  hypothesis,  the  alternately  direct  and  retrograde  movements 
of  tlie  planets  may  be  explained. 

J^'t,  for  example,  s  [Plate  IV.  fig.  3]  be  the  sun ;  a  B  c  D,  part 
of  the  earth's  orbit ;  a  b  c  d,  part  of  the  orbit  of  a  superior  planet, 
and  X  Y  an  arc  of  the  celestial  sphere.  Then,  if  a  be  the  place 
of  tlie  earth  when  the  planet  is  at  a,  in  opposition  to  the  sun, 
the  planet  will,  to  a  spectator  on  the  earth,  appear  at  a'  in  the 
heavens ;  and  the  angular  motion  of  an  inferior  planet  being 
more  ra))id  than  that  of  a  superior  planet,  when  the  earth  is  at  B 
the  [>lanet  may  be  supposed  at  b  and,  consequently,  will  appear 
in  the  heavens  at  B',  having,  in  the  same  time,  apparently  de* 
scribed  the  arc  of  retrogradation  a'  b'.  In  Uke  manner,  while 
the  cjurtli  describes  B  c,  and  the  planet  the  corresponding  arc  b  c, 
the  movement  in  the  heavens  wHl  be  represented  by  b'  c'  which 
)M  still  rc>trogradc:  but,  when  the  earth  is  arrived  at  D  and  the 
jihuurt  at  (I,  tlie  apparent  place  of  the  latter  will  be  D';  so  that, 
in  this  lost  interval,  its  apparent  movement  will  be  in  direct 

*  I>fl  Re^'olutione,  Lib.  I.  cap.  9. 
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order ;  and,  for  a  short  time  before  awd  after  the  change,  the 
planet  would  necessarily  appear  stationary  with  respect  to  the 
fixed  stars.  Tlie  apparent  motion  will,  then,  conlinae  for  s 
certain  time,  direct,  after  which,  as  might  be  easily  shewn,  it, 
again,  becomes  retrograde,  and  so  on,  alternately.  And  in  a 
similar  way  the  alternations  of  motion  in  the  inferior  planets  may 
be  explained. 

In  tlie  sj-slem  promulgated  by  Copennciis,  tlie  earlli  is  sup- 
posed" to  have  a  threefold  movenienl,  of  which  the  first  is  the 
diurnal  rotation  on  its  axis ;  tlie  second,  the  annual  revolution 
about  the  sun ;  the  third,  a  conical  revolution  of  tlie  earth's  axis 
about  an  imaginary  line  perpendicular  to  tlie  plane  of  the 
ecliptic  and  jiassing  through  the  centre  of  the  earth,  which  he 
considered  as  tlie  vertex  of  tlie  cone ;  and  tlic  inclination  of  the 
earth's  axis  to  this  line  was  supposed  to  be  equal  to  the  mean 
obliquity  of  the  ecliptic  to  the  equator.  The  rotation  of  the 
earth  on  its  axis  produced  the  succession  of  days  and  nights, 
Wid  the  conical  revolution  of  the  axis  was  inteuded,  by  Coper- 
nicus, to  produce  a  constant  parallelism  of  the  earth's  axis 
during  the  annual  revolution,  and  thus,  to  cause  the  daily  change 
of  tlie  sunV  declination  and  the  succession  of  seasons ;  for  wliich 
purpose  one  of  these  conical  rcvoliitiuns  should  have  been  per- 
formed exactly  in  the  time  of  an  annual  revolution  of  the  earth 
about  the  sim ;  but,  to  account  for  the  retrogradation  of  the 
equinoctial  points,  the  periodical  time  of  this  conical  revolution 
was  supposed  to  be  less  than  the  time  of  an  annual  revolution 
of  the  earth  by  about  20  minutes  which,  in  one  year,  would  cause 
each  of  tliose  points  to  move  from  one  conjunction  with  a  line 
joining  the  centres  of  tlie  earth  and  sun,  to  the  next,  in  just  so 
much  less  time  than  it  wotdd  have  required  to  revolve  from  one 
conjunction  with  a  line  joining  the  earth  and  any  fixed  star,  to 
the  next ;  this  renders  the  distance,  on  the  trace  of  the  ecUptic 
in  tlie  heavens,  between  the  two  positions  of  cither  equinoctial 
point,  at  the  inten-al  of  one  year,  equal  to  the  known  value  of 
the  retrogradation. 

Before  the  time  of  Copernicus,  the  means  of  maMng  observa- 
tions had  been  considerably  improved ;  tlie  ancients  originally 
*  De  Rsrolutione,  Lib.  I.  cap.  II. 
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designated  the  time  at  which  any  phenomeiion  occniTed,  by  the 
morning,  evening  or  midnight;  and  the  later  Greek aatronamen, 
either  by  a  clepsydra  or  by  a  sun-dial,  neither  of  which  admitted 
of  accurate  subdivisions :  but  we  aie  indebted  to  Regiomontanos, 
a  friend  of  Pnibach,  for  the  first  proposal  to  determine  the  hour 
of  an  observation  by  the  altitude  of  the  sun  or  a  star,  sirnid- 
taneously  taken ;  a  method  susceptiUe  of  great  precision.    A 
ball  suspended  by  a  string  from  a  fixed  point  is  said  to  have 
been  early  used  to  measure,  by  its  vibrati<ms,  small  intervals  of 
time :  but  Walter  of  Nuremberg,  a  pupil  of  Regiomontanus,  was 
the  first  who  made  use  of  clocks  formed  of  wheel  woik,  to  which 
motion  was  given  by  a  weight ;  it  was  not,  however,  till  the 
middle  of  tlie  seventeenth  century,  when  a  son  of  Gralileo  ap- 
plied to  such  a  machine,  a  pendulum,  in  order  to  regulate  its 
movements,  that  they  were  rendered  available  as  time  keepers 
for  astronomical  purposes.     It  appears  that  the  method  of  ob- 
serving the  places  of  stars  had  not  changed  between  the  times 
of  Hipparchus  and  Copernicus,  for  the  latter,  in  describing  the 
process  he  employed,  states  that  the  longitude  of  the  sun  was 
found  from  the  tables  and,  the  Astrolabe  being  adjusted  to  coin* 
cide  with  the  plane  of  the  ecliptic,  the  degree  on  the  circle  re- 
presenting this  longitude  was,  by  one  of  the  Alidades,  directed 
to  the  sun ;  the  other  alidade  was  directed  to  the  moon  and, 
subsequently,  to  the  star;  by  which  means  the  difierences  <tf  the 
longitudes  of  the  sun,  moon  and  star  were  ascertained :  Walter  of 
Nuremberg  had,  however,  previously  to  the  time  of  Copernicus, 
recommended  that  the  planet  Venus,  when  visible  together  with 
the  sun,  should  be  used  for  the  same  purpose  instead  of  the 
moon,  in  order  to  avoid  the  errors  arising  fiom  the  inaccuracy  of 
the  lunar  tables,  when  the  movement  of  the  moon  was  deter* 
mined  for  the  inter\'al  between  the  times  at  which  the  alidade 
was  directed  to  that  luminary  and  to  the  star.    The  same  astro* 
nomer  proposed,  also,  to  determine  the  places  of  planets  by  taking 
their  angular  distance  from  two  or  more  stars ;  and,  from  thence, 
to  compute,  by  trigonometry,  their  longitudes  and  latitudes,  those 
of  the  stars  being  supposed  to  be  known ;  a  method  which  is 
now  superseded  by  that  ])ractised  in  fixed  observatories  but,  stiD, 
advantageously  employed  to  determine  the  places  of  comets  or 
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new  stars  by  persons  who  liavL-   no  access   to  equatorial  or 
nicri<lional  instniraents. 

Cnpemicm  himself  nmHe  many  obscn-ationa  on  tlie  beavculy 
bodies  for  the  puqioae  of  determining  Uioso  elements  which 
enter  into  the  science  of  astronomy ;  he  ascertained  the  longitndes 
and  latitudes  of  the  stars  and  planets,  the  obliquity  of  the 
ecliptic,  the  periods  of  the  sun's  returns  to  the  equinoxes  or, 
rather,  to  points  of  tlie  ecliptic  distant  45  degrees  from  them ; 
and  he  compared  all  the  dediu:tion8  made  firom  the  data  which 
his  observations  afforded,  with  those  which  have  been  trans- 
mitted by  the  ancients.  He  seems,  however,  to  lend  impHcit 
faith  to  the  determinations  of  former  astronomers;  and,  without 
considering  for  a  moment  the  chances  of  error  in  llie  observa- 
tions made  by  inexperienced  persons,  with  instruments  possess- 
ing few  pretensions  to  accuracy  of  construction  and,  from  their 
nature,  but  little  capable  of  giving  the  place  of  any  celestial 
body  with  precision,  he  endeavours  to  make  tlie  system  of  tho 
Universe  rcpreKcnt  all  the  variations  which  were  supposed  to 
have  been  discovered  in  the  heavens.  Thus',  comparinp:  tho 
longitudes  assigned  to  tho  stars  by  Timocharis,  llipparchus, 
Ptolemy,  Albategiiius  and  himself,  he  fmds,  as  the  Arabians,  and 
as  the  more  ancient  observers  supposed  they  had  found,  the 
movement  of  the  equinoctial  points  to  bo  variable  in  velocity, 
and  even  to  be  alttTnately  direct  and  retrograde ;  this  alternate 
movement,  which  he  calls  the  anomaly  of  tlie  equinoxes,  he 
supposes  to  be  compensated  in  1717  years;  and,  to  correspond- 
ing variationR,  which  he  imagines,  by  like  comparisons,  to  have 
found  in  the  obliquity  of  the  ecliptic,  ho  assies  a  period  of 
3434  years :  he  considers  tho  ecliptic  to  be  a  fixed  plane ;  and 
he  makes  the  mean  annual  precession  of  the  equinoxes  equal  to 
bO"  19",  which  is  extremely  near  the  truth. 

To  account  for  the  above  mentioned  imi^nary  variations  in 
the  longitudes  of  stars  and  in  the  obliquity  of  the  ecliptic  tu  the 
equator,  he  »upi>osed  the  axis  of  the  eartli  to  have  a  second 
conical  movement  by  which  tho  pole  revolved  in  the  circum- 
ference of  a  small  circle  about  its  mean  place  in  the  circle 
cWcril^ed  by  the  tirst  movement ;  thus  prodaciug,  ia  the  oqui- 
*  Dp  Rm^iilionr,  IJh.  III.  cap.  1  M(l  9. 
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noctial  points,  an  dtcmatc  TetTt)gra<lation  and  advance  in  lin^ 
tude,  with  corresponding  inovemenU  in  latitude;  and  diew 
movemenlfl  of  the  earth,  Coperniciis  observes,  will  stijtereede 
the  different  spheres  nhich  have  been  imagined  by  former  astro- 
nomers, to  explain  tlie  variations  supposed  lo  have  been  ob- 
served in  Uie  lon^lndes  and  latitudes  of  the  fixed  stars.  It  is 
worthy  of  remark  that  a  uniiomi  conical  revolation  of  the  earth's 
axis,  about  that  of  the  ecliptic,  as  above  described,  but  in  a 
period  equal  to  about  25600  years,  is,  in  the  astronomy  of  the 
present  day,  made  to  represent  the  cause  prodncing  ihe  nieao 
retrogradation  of  the  etiuinoctial  points ;  while  that  which  b 
now  called  the  nutation  of  tlie  earth's  axis  is  a  movc-ment  of 
that  axis  very  similar  lo  the  second  conical  movement  aboTc 
mentioned :  like  the  nutation,  though  the  period  of  its  rcrolii- 
tion  is  very  different,  this  second  movement  represents  the  cause 
of  certiun  small  variations  in  the  positions  of  the  stars  and  in 
die  obliquity  of  the  ec)i))tic ;  and  it  is  possible  (hat  a  knowledge 
of  the  hypothesis  of  Copernicus  may  have,  subseipienUy,  gui* 
Bradley  to  that  which  he  proposed  for  the  purpose  of 
senting  the  lariablo  actions  of  Uie  sun,  moon  and  planets  u] 
the  equatorial  regions  of  the  earth. 

In  determining  the  elements  of  the  sun's,  or,  oi 
now  considered,  the  earth's  annuo]  orbit,  Copernicus,  milled, 
probably,  by  the  inaccuracy  of  the  solstitial  obscrvaUons,  ob- 
serves that,  as  tlie  length  of  the  tropica]  year,  when  ascertained 
by  the  returns  of  the  sun  to  the  equinoxes,  does  not  agree  with 
that  found  by  his  returns  to  the  solstitial  points,  it  will  he  pre- 
ferable that  the  length  of  the  year  should  be  found  by  obserT»> 
lions  made  on  the  times  of  the  sun's  retiun  to  certain 
stars ;  and,  from  such,  he  actually  determines  the  sidereal  y« 
to  he  equal  to  365  days,  6  hours,  9  minutes,  1'2  seconds,  which 
Delambre  proves  to  differ  from  the  truth  only  by  about  half  a 
second.  But  on  comparing  the  lengths  of  the  tropical  year  de- 
termined by  Ilipparchus  or  Ptolemy,  by  Albategnius,  Ai 
anil  himself,  he  finds  some  indications,  {as  before  his  time,  A: 
chcl  thought  lie  had  fouud,)  tliat  Uiey  are,  alternately,  gnu 
and  less ;  the  eccentricity  of  tlie  orbit  and  the  equation  of 
centre  appearvd  also,  front  observations  made  since  llie  time 
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Ptolemy,  to  experience  continual  diminutions ;  and  tlie  place 
of  the  apogeiim,  which  was,  at  firet,  thought  to  be  fixecl  in  the 
hearena  was,  by  the  like  comparison  of  observations,  susjiected 
to  be  moveable,  in  an  order  allemattly  direct  and  reUograde. 

The  inequalities  supposed  to  have  been  observed  in  the 
length  of  llio  tropical  year  were,  by  Copernicus,  ascribed  to  four 
dilTerent  causes,  the  first  is  the  variation  of  the  precession 
wliich,  he  obsen-es,  was  the  only  one  known  to  Ptolemy ;  and 
which  is  now  considered  in^nsible.  The  second,  which  he 
denominates  the  sun's  annual  equation,  js  nearly  that  which  is 
DOW  called  the  parallax  of  the  earth's  orbit,  being  the  angle  sub- 
tended, in  the  region  oi  the  fixed  stars,  by  the  semidiamcter  of 
the  latter ;  in  consequence  of  which  the  apparent  motion  of  the 
sun,  in  a  given  time,  if  seen  firom  the  earth,  is  not  in  rcohty  so 
great  as  the  corresponding  motion  of  the  earth  if  seen  from  the 
sun  ;  though  the  best  modem  obsen-ations  have  shewn  that  tliis 
angle,  also,  is  insensible.  The  third  is  a  variation  in  the  aboye 
equation  on  account  of  the  eccentricity  of  the  orbit,  by  which 
the  centre  of  uniform  motion  does  not  coincide  with  the  sun; 
and  the  fourth  depends  on  tlie  observed  movement  of  the  sun'g 
apogeuin  or,  as  it  should  now  be  called,  the  aphelion  point  of 
the  earth's  orbit. 

The  variations  determined  by  observations  at  different 
seasons,  in  the  equation  of  tlie  sun's  centre,  and  in  the  movement 
of  the  apheUon,  not  being  found  capable  of  explanation  by  tlie 
hypothesis  of  a  simply  eccentric  orbit,  Copernicus  was  reduced 
lo  tlic  necessity  of  making  the  earth  move  upon  an  epicycle  in 
Uie  following  manner.  Let  c  (Hate  V.  fig,  1)  be  the  centre  of 
ihe  ecliptic  ape,  and  make  cs  equal  to  the  meau  eccentricity, 
then  8  may  represent  the  place  ol'  the  sun ;  about  c,  as  a  centre, 
describe  the  circle  fh  e  with  a  radius  eqtial  to  half  the  difference 
of  the  greatest  and  least  eccentricities ;  then,  tlic  centre  ii,  of 
the  epicycle  akp,  on  whose  circumference  tlic  earth  perfonns 
its  annual  revolution,  in  direct  order,  or  from  a  towards  K,  is 
supposwi  to  be  cairied  slowly  and  iu  retrograde  order,  on  the 
circumference  of  the  circle  EiiP  during  that  revolution;  by  this 
hypothesis  ap,  the  line  of  the  apsides,  will  have  a  Ubratory 
motion  about  a  p,  producing  the  supposed  allemalA  movement 
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of  the  aphelion  point  A ;  th6  eccentricity  SH  will  be  variable, 
and  will  produce  corresponding  variations  in  the  equation  of 
the  centre.  Copernicus  makes  the  ratio  of  sc  to  CB  equal  lo 
that  of  369  to  48,  from  such  observations  as  he  had  reduced ; 
his  determination  of  the  sun^s  parallax  is  the  same  as  that  of 
Hipparchus,  but  he  makes  the  angular'  diameter  of  the  son 
equal  to  dr  48'  and  33'  54'',  when  in  apogeo  and  perigeo,  re- 
spectively. 

An  important  advantage  obtained  from  the  system  of  Coper- 

nicus  was,  that  it  afforded  a  means  of  determining  the  relative 

distances  of  the  planets  from  the  earth  and  sun,  by  taking  the 

rectilinear  distance  between  two  positions  of  the  earth  as  a  base, 

at  times  when,  by  computation,  any  planet  whose  distance  is 

required  is  in  the  same  point  of  its  orbit,  and  finding  the  angles 

subtended  at  the  earth  by  the  interval  between  the  sun  and 

planet  and  that  between  the  planet  and  some  fixed  star.     Thus, 

let  S  (Plate  V.  fig.  3)  be  the  sun ;  s  a  fixed  star,  e  and  'b!  places 

of  theearUi  in  its  orbit,  at  two  times,  when  a  superior  planet  is 

in  one  and  the  same  point  p  of  its  ort)it ;  then  p  and  p'  may  be 

supposed  to  be  the  two  apparent  places  of  the  planet  when  seen 

from  E  and  E'  respectively.     Imagine  e  s'  to  be  drawn  parallel 

to  e's;  then,  the  whole  diameter  of  the  earth*s  orbit  being  in- 

sensible  in  tlie  celestial  sphere,  we  may  consider  s  and  s*  as 

coincident,  and  the  angle  s'Ep  as  equal  to  sEp:  but  sE'p'  and 

sRp,  or  its  equal,  s'Ep,  are  tlie  visible  angular  distances  of  the 

star  and  ])lanet  when  seen  from  e'  and  E  respectively,  and  the 

difference  pp',  of  the  arcs  sp'  and  sp,  which  measure  those 

angles,  may  be  considered  as  the  measure  of  the  angle  ppp',  or 

KPE',  which  is,  therefore,  known  from  observation:  the  line 

E  E'  is  known  because  each  of  the  sides  S  e  and  S  E'  is  supposed 

equal  to  unity,  and  the  angle  eSe'  is  the  dificrence  of  the  sun's, 

or  of  the  earth's  longitudes  at  the  times  of  observation,  which 

longitudes  are  known  from  the  tables  of  the  sun's  motion.    The 

difference  between  the  sun's  longitude  when  the  earth  is  at  E', 

that  is,  the  angle  T  S  S',  or  the  arc  T  S'  in  the  celestial  sphere, 

(T  being  the  equinoctial  point)  and  the  planet's  geocentric 

loDgitode,  at  the  same  time,  which  is  measured  by  an  arc  inter- 

cvptad  betwinn  T  and  p',  and  is  found  from  the  tables,  dves 
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the  arc  between  S'  and  p',  or  the  angle  Se'p;  and,  since  the 
angle  Sk'e  is  known,  we  have  the  angle  ee'p;  therefore,  in  the 
liiangle  ee'p  we  have  a  side  and  all  iLe  angles,  to  find  e'p;  and, 
in  the  triangle  te'S,  we  hare  e'p  and  E'S  and  the  included 
angle ;  from  whence  we  may  find  pS,  tlie  distance  of  the  planet 
from  tLe  sun.  The  above  is  an  outline  of  Ute  method  bj  which 
CopeniicuB  m&y  have  found  these  distances;  it  being  under* 
stood  that  all  the  neceGsary  corrections  have  been  made,  to  re- 
duce tlic  angular  distances  of  tho  planet  from  the  star,  to  the 
plane  of  the  ecliptic,  in  which  the  longitudes  are  computed. 

In  the  theory  of  the  planets,  Copernicus  supposed  those 
bodies  to  revolve  about  the  sun,  as  we  have  said,  and  he  pro- 
posed two  hypotheses  concerning  the  manner  of  their  revolu- 
tions ;  in  the  first,  a  homocentric,  or  circle  described  about  the 
sun  as  a  centre,  carried  an  epicycle  which  was  surmounted  by 
another,  and  both  epicycles  had  equal  movements  but  in  oppo- 
Mte  directions.  In  the  second,  a  single  epicycle,  aa  mm'  (Plate 
V.  fig.  1]  was  carried  on  an  eccentric  circle,  as  aop,  whose 
centre  c  was  supposed  to  be  distant  from  Uie  sun  a,  three-fourthg 
of  Uie  value  assigned,  by  Ptolemy,  to  the  eccentricity  of  the 
orbit;  the  scmi-diameler  of  the  epicycle  was  made  one-fourth  of 
the  same  value ;  and  botli  tlie  planet  in  the  epicycle  and  the 
centre  of  the  epicycle  itself  were  supposed  to  revolve  according 
to  the  order  of  the  signs,  with  uniform  motions.  Tliis  hy- 
pothecs, however,  was  only  applied  to  the  superior  planel^ ; 
tlie  eccentric  circle  of  Venus  was  supposed  to  have  no  epicycle, 
but  its  centre  moved  on  the  circumference  of  a  small  circle,  as 
in  the  system  of  Ptulemy;  and  the  great  eccentricity  of  Merciuy 
rendered  it  nccessaiy,  in  order  to  bring  tho  results  of  theory 
nearer  to  those  of  obser\'ation,  to  employ,  for  this  planet,  the 
following  modification  of  the  hypothesis  proposed  for  the  orbit 
of  the  earth :  let  s  be  the  place  uf  the  sun,  and  sc  the  mean 
eccentricity  of  Mercury :  let  K  h  f  be  a  circle  described  about  o, 
with  a  radius  equal  to  half  the  diflercnce  of  the  greatest  and 
lea«t  eccentricities;  then  the  centre  ii,  of  the  fu^t  epicycle  akp, 
is  supposed  to  move  upon  the  circiunference  of  the  circle  F£h, 
and  the  planet  itself  to  describe  the  second  epicycle  N  N't  whose 
centre  a,  moves  upon  the  circumference  of  the  former  epicycle. 
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Copernicus  is  the  first  who  dreflr,  fi^m  the  limited  e 

of  Mercur)'  and  Venus  from  Die  sun,  Oie  conclusion  thai  the 

latter  nas  contained  within  the  orbits  of  lliose  planets. 

In  applying  the  first  of  the  two  liypolheses  aboTP  mentiatKd 
to  tlie  lunar  orliit,  Copernicus  supposes  the  deferent  circle  lo  be 
concentric  with  tlio  cartli ;  the  centre  of  the  first  epicycle  to  luiu 
on  tlio  circumference  of  this,  according  to  the  order  of  the  ngos; 
the  centre  of  the  second,  to  turn  on  the  circumferrace  of  die 
first  iu  a  contrary  order,  and  tJie  moon  herself  on  the  < 
ferencc  of  the  second,  again  according  to  the  order  of  tht.>  si^ 
Twice  ill  a  month  she  was  supposed  to  describe  the  i 
ferencc  of  the  epicycle  on  which  she  moves ;  and  when  the  " 
centre  of  the  first  epicycle  is  in  conjunction  with  the  earth  and 
sun,  he  considers  the  moon  lo  be  in  perigeo,  but  M'hcn  that 
centre  is  in  quadrature,  he  supposes  her  to  be  in  apo^po.  Uc 
inaVcs  the  diameter  of  the  moon  to  vary  from  28'  45  to  37'  33", 
and  iho  parallax,  from  50'  16'  to  C5'  ■1-1",  which  values,  of  both 
elements,  are  much  nearer  the  truth  than  those  aaagned  bf 
Ptolemy. 

One  cause  assigned  by  Cojicmicus  for  the  variations  of  a 
planet's  latitude  was  tlie  obliquity  of  its  orbit  to  (Uc  ccIipUc  k 
which  llie  planet,  in  different  positions  mth  respect  to  its  c 
is  at  various  distances  from  the  plane  of  the  ecliptic ;  tho  8^4*01 
cause  was  supposed  to  depend  upon  the  various  distances  of  tl 
planet  from  the  earth,  by  which  the  circle  of  longitude  inia 
ceptcd  between  the  former  and  the  ecliptic  appeared  lo  sublmd 
various  angles  at  the  latter;  and  the  third  was  referred  lo  in 
oscillation  of  the  orbit  by  which  its  inclination  was  increased  or 
dindnishcd,  and  this,  as  in  the  more  ancient  hyp othetds,  was  ex- 
plained by  supposing  the  mean  node  to  revolve  on  the  circain- 
ference  of  a  small  circle  whose  centre  was  fised  in  tho  plane  otM 
the  ecliptic. 

The  movement  given  by  Copernicus  to  the  earth  served  I 
explain  the  alternations  of  planetary  motion,  from  tUrrct  to  i 
trograde,  and  the  contrary ;  which,  in  the  system  of  Ptolei 
required  a  particular  epicycle  for  each  planet;  the  equation  < 
tlie  centre,  in  any  orbit,  was  provided  for  by  llje  eccontricj 
H  hich  built  the  ancient  and  modem  aslronomer  assigned  to  I 
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dclbrenl;  and  the  epicycle  retained  by  the  latter  was  intended 
to  account  for  the  other  variations  which,  np  to  his  time,  liad 
hecn  discovered:  it  does  not  appear,  however,  that  Copernicus 
had  adjusted  the  positions  and  dimensions  of  the  circles  so  as  to 
ma)<e  them  represent  all  the  phenomena  which  had  been  ob- 
scned  in  the  movements  of  the  planets  and  it  would  be  useless, 
now,  to  attempt  such  an  adjustment.  The  «>ystem  must  be  admitted, 
notwithstanding  the  advantages  it  derived  from  the  happy  idea 
of  placing  the  sun  in  its  centre,  to  have  been  extremely  compli- 
cated, principally  on  account  of  that  unfortunate  adherence  to 
the  ancient  prejudice  in  favour  of  circular  and  uniform  motions 
which  prevailed  to  the  time  of  Kepler.  Reinhold,  the  friend 
and  disciple  of  Copernicus,  makes  mention  indeed  of  an  oval 
figure  in  speaking  of  the  orbits  of  the  planets,  and  observes  that 
it  may  be  considered  as  the  real  orbit  of  Mercurj-;  he  seems, 
however,  to  have  in  view  only  tlie  curve  described  by  the  centre 
of  the  moon's  epicycle  in  the  system  of  Ptolemy  which,  as  he 
could  not  avoid  remarking,  is  of  that  kind;  tlie  observation  is 
worthy  of  notice  in  the  history  of  astronomy,  but  it  cannot  be 
considered  as  an  anticipation  of  the  discovery,  subsequently 
made,  of  the  true  forms  of  the  planets'  orbits. 

It  would  seem  as  if  Copernicus  liad  been  inclined  to  admit 
the  materiality  of  the  orbits ;  for,  speaking  of  his  ovra  hypo- 
thesis, iu  which,  as  in  that  of  Ptolemy,  the  centre  of  mean 
angular  motion  and  that  of  constant  distances  are  at  different 
points  in  space,  it  is,  he  observes,  contrary  to  the  laws  of 
physics  that  a  body  should  revolve  about  two  points  with  no 
material  object  to  retain  it  in  its  place:  he  adds  that,  to  enable 
it  to  do  so,  it  would  be  necessary  to  have,  attached  to  each 
planet,  a  spirit  or  intelUgence  which  should  fulfil  two  different 
conditions  at  the  same  time:  and  it  is  not  improbable  that 
Copernicus,  whose  notions  of  the  principle  of  attraction  were 
very  vague,  might  have  been  induced  to  fall  in  with  the  material 
hjijothesis  rather  than  have  recourse  to  the  agency  of  spiritual 
beings,  which  some  astmnomers  of  that  age  had  adopted  from 
tlie  philosophy  of  the  Platonists.  When  we  consider  tlie  stale 
of  the  human  mind  in  the  time  of  Copernicus,  we  hardly  know 
whether  to  admire  most  his  merit  in  the  invention  of  those 
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hypotheses  by  which  his  theoiy  of  the  eartb^s  motion  was 
made  to  satisfy  the  observed  phenomena  of  the  heavenly  bodies, 
or  the  boldness  which  prompted  him,  in  defiance  of  the  preju- 
dices of  his  age,  to  make  pubUc  a  theory  of  which  the  fun- 
damental points  were,  then,  incapable  of  proof.  It  was  not  tin 
the  discovery  of  the  spheroidal  figure  of  the  earth  that  a  direct 
argument  could  be  offered  in  favour  of  its  rotation  on  its  axis; 
nor,  till  the  discovery  of  the  velocity  of  Ught  and  the  aber- 
ration  of  the  stars,  that  the  earth^s  annual  motion  could  be 
demonstrated. 

A  set  of  astronomical  tables,  computed  on  the  system  of  this 
^stinguished  philosopher  was  pubUshed  in  1551,  by  Reinhold, 
and  was  found  to  be  more  accurate  than  that  of  Ptolemj;  but  it 
is  easy  to  conceive  that  this  was  due  not  so  much  to  the  supe- 
riority of  the  new  system  over  the  former,  as  to  the  better  data 
afforded  by  the  more  accurate  observations  which  had  then 
been  made. 
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CHAPTER  XVIII. 

THE   WORKS  OF  TYCHO   BRAHB  AND  KEPLEE. 

Tlw  nyslem  of  Tycho  Brahe. — The  moon's  vanBlloD  and  annual  Miuation 
(liimvereil. — Erroneous  ideal  of  Tycho  Brabe  conoerniiig  the  dittanCH  of 
ills  [ilanets  and  slara.— Opinion!  concerning  the  orlJM  of  cometi^-A  new 
Unr  seen.  — Improved  roethodi  of  observing  the  celeslial  bodies — Correct 
ideas  of  Tycho  Brahe  concemtng  the  precenlon. — Character  of  Eepler. — 
He  ditcoren  that,  in  (he  earth'i  orbit,  the  cenlret  of  mean  molion  and  of 
mean  diitance  are  not  ooincideni. — Hia  manner  of  oompnting  the  distance 
of  ibe  eanb  from  the  lun. — He  dlacovers  the  elliptical  form  of  the  orbit  uf 
Hlori.— Kelation  of  the  area*  described  by  the  earth's  radii  rectore*.— Hii 
rnnnner  of  determining  (he  radii  vectores  and  the  anomalies. — An  im»ginary 
relation  between  the  distances  of  llie  pioneM  founded  on  an  inscription  of 
the  rc^ilar  bodies  withiivlheir  orbit*. —  He  discoren  tbe  relation  between 
the  diitancei  of  Uie  planets  and  the  times  of  their  revolution — His  bypo- 
tlivgis  uf  altrsvtion.— Tlie  planetary  mutioni  supposed  to  result  from  the 
couibiiiBlion  uf  two  forces-— The  tides  ascribed  to  the  action  of  tbe  moon. — 
L'bauge  made  by  Kepler  in  tbe  system  of  Copernicus. — Ills  law  of  astrono- 
mical refraction.— Tbe  hut  correction  of  the  Calendar. 


It  will  be  unnecessary  to  dwell  long  upon  Uie  system  proposetl 
by  Tycho  Bralie,  a  celebrated  Danish  astronomer,  iclio  was  for 
some  lime  contemporary  witli  Copernicus,  and  lived  to  the  end 
of  the  sixteentli  centiuy ;  in  the  latter  part  of  which  he  was  dili- 
gently  employed,  in  a  soere  climate,  in  maldng  celestial  obser- 
vations with  large  and  accurate  inslmnients,  several  of  which 
were  Ms  own  invention.  Less  happy  in  sjstematising  than  in 
ob sen' ing,  Tycho  Brahe  seems  to  have  endeavoured  to  unite  the 
hypotheses  of  Copernicus  wilii  those  of  Ptolemy,  pt-rhaps  in- 
duced by  tbe  repugnance,  then  universally  felt,  at  tlie  idea  of  the 
earth's  movement,  and  a  desire  to  share  the  reputation  which  the 
Polish  philosopher  had  recently  acquired.  He  supposes  the 
earth  to  be  stationary,  in  space,  at  the  common  centre  of  the  or- 
bits of  the  sun  and  moon ;  but  he  considers  the  sun  to  he  the 
moveable  common  centre  of  the  orbits  of  all  the  other  planets, 
in  bis  luoar  system,  he  modified  that  of  Copernicus  by  camung 


390 


THE    WORKS   OF 


1 


the  deferent,  which  was  still  made  to  cany  a  double  epicrcle, 
be  eccentric  with  respect  to  the  eartli ;  and  by  this  combinai 
the  inequalities  of  the  moon's  motion,  which  had  been  discoravS' 
by  Ptolemy,  could  be  represented :  but  the  obser\'atious  of  Tytbo 
Brahe  led  to  the  knowledge  of  a  new  ine<iuality  wliicfa  disap- 
pears in  the  syzygics  and  quailralures,  and  was  foaud  to  hare 
the  greatest  value  when  the  luminary  is  in  the  octants,  when  it 
was  supposed  to  amount  to  40'  30' ;  this  is  that  which  is  now 
called  the  moon's  variation ;  it  is  proportional  (o  twice  the 
ference  between  the  apparent  longitudes  of  the  moon  and 
and  its  maximum  value  is  about  4  minutes  less  than  Uiat  wl 
was,  at  the  first  discovery,  assigned  to  it.  In  order  la 
it,  Tycho  Brahe  supposed  the  centre  of  the  moon's  eccentric 
move,  in  direct  order,  upon  the  circumference  of  a  small  cirde 
with  a  velocity  equal  to  the  double  of  that  with  which  the  mooo 
advances  lirom  the  sun  ;  the  circumference  of  this  small  circle 
passed  through  the  earth,  with  which,  in  the  syzygics,  the  cen- 
tre of  tlie  eccentric  was  supposed  to  coincide ;  while,  in  ibe 
quadratures,  it  coincided  witli  tlte  opposite  extremity  of  that 
diameter  of  the  small  circle.  The  centre  of  the  first  eyieytit^ 
moves  upon  the  deferent  with  a  velocity  equal  to  the  mooaln 
mean  motion  in  longitude ;  that  of  the  second  epicycle  moves  in 
retrograde  order,  with  the  anomalistic  motion,  and  the  tuoon  her- 
self moves  in  direct  order,  upon  the  second  epicycle,  with  • 
velocity  which  is  the  double  of  that  last  mentioned :  and  it  ia»f 
be  observed  tliat  when  the  centre  of  the  second  epicycle  is  In 
apogeum  of  the  first,  the  moon  is  in  the  perigenm  of  the  ; 
Tycho  Dralie,  from  his  observations,  computes  tliat  thi 
diameter  of  tlie  first  epicycle  la  equal  to  5S0O ;  of  tlie  secoi 
2000 ;  and  of  the  small  circle  at  tlie  centre  of  tlie  deferent,  2174' 
the  distance  fi-om  the  earth  to  the  apogeum  of  the  deferent 
ing  eqnal  to  one  hundred  thousand. 

It  appears  also  that  Tycho  Brahe  had  discovered,  by 
pariaons  of  the  obsened  with  the  calculati'd  places  of  the  tuoon, 
Uiftt  another  inequality  eitistcd  in  the  motion  of  tJiat  luminary: 
he  does  not,  however,  make  a  separate  equation  for  it,  but  intro- 
duces it  into  tliat  value  of  the  equation  of  time  which  be  mo* 
ploys  in  computatioiiti  rdtUing  to  the  iuoob  ;  pcrbapa  bncauae. 
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to  do  otbemise,  would  have  rendered  another  epicycle  oeccs- 
sary,  in  the  lunar  system.  The  correction  for  this  inequality  is 
that  which  is  now  denominated  die  moon's  annual  equation^  and 
its  nia^'timum  value  is  ir!)",butit  is  pioved  by  Delambre  that  it 
was  estimated  at  4'  30"  by  the  Danish  astronomer.  The  latter 
represented  tlie  variations  iu  the  place  of  the  moon's  nodes,  and 
in  the  inclination  of  her  orbit,  by  a  conical  revolution  of  the  axis 
of  tlie  orbit  about  the  line  of  its  mean  position. 

The  sun's  orbit  is  a  simple  eccentric  circle  whose  radius  he 
made  equal  to  1142  semi -diameters  of  the  earth;  but  the  hypo- 
theses proposed  to  explain  the  movements  of  the  planets  are 
nearly  the  same  as  lliose  of  Copernicus,  The  system  of  Tycho 
Brahe  possesses,  therefore,  no  advantage  in  respect  of  simplicity 
over  any  of  those  which  preceded  it ;  and  it  appears  to  have 
wanted  even  tlie  interest  which  novelty  inspires,  since  there  are 
obscure  inlimatiuns  that  a  planetarj-  system  identical  with  that 
of  tJie  Danish  astronomer  had  been,  before,  proposed  by  Apollo- 
nius  of  Perga  and,  nearer  to  his  own  time,  by  Martianus  Capella. 
Whoever  might  be  tlie  inventor,  it  can  only  be  considered  as  a 
combination  of  trutJi  and  error,  forming  a  link  which  ingeniously 
connects  together  the  ancient  and  modem  machinery  invented 
to  exhibit  the  cclcsUal  phenomena ;  for  a  time  it  enjoyed  some 
reputation  among  the  learned  of  Europe,  but  it  has,  long  since, 
sunk  into  merited  oblivion. 

Tlie  most  erroneous  ideas  still  prevailed  concerning  the  mag- 
nitudes and  distances  of  the  planets  and,  indeed,  it  could  not  be 
otherwise,  from  the  impossibility  of  detecting  the  true  values  of 
the  parallaxes  with  ihc  instnimciits  then  in  use.  Tycho  Brahe 
made  the  proportions  between  the  linear  diameters  of  the  sun 
and  earth,  and  the  distances  of  the  sun  and  moon  from  the  latter, 
nearly  the  same  as  those  given  by  Ptolemy  ;  and,  like  the  Ara- 
bian  astronomers,  he  supposed  tliat  the  sphere  of  tlie  fixed  stars 
was  nearly  contiguous  to  the  orbit  of  Saturn.  Tlie  axis  of  the 
earth,  in  the  system  of  Copernicus,  remajning  parallel  to  itself, 
while  it  resolves  about  the  sun,  is,  necessarily,  directed  in  succes- 
sion to  different  points  in  space  during  that  revolution ;  but  the 
polar  distance  of  any  iixed  star  not  being  perceptibly  different 
in  winter  and  summer,  when  the  earth  should  be  at  the  opposite 
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cxtrcTnitics  of  its  orbit,  Tycho  Brahe  draws  from  this  fiu;t  an 
argument  against  the  supposed  movement  of  the  earth  ;  assert- 
ing that  to  satisfy  the  constancy  of  the  polar  distances,  on  this 
hypothesis,  it  would  be  necessary  to  suppose  the  fixed  stars  to 
be  so  remote  that  the  diameter  of  the  earth's  orbit  might  be 
invisible  if  seen  from  thence :  but  to  this  remoteness  he  objecb 
on  the  ground  that  the  stars  appear,  to  the  eye,  of  a  sensible 
magnitude  which,  against  all  probability,  woiild,  such  being  the 
distance,  indicate  that  they  were,  in  reality,  so  great  as  to  fill  a 
space  equal  to  the  orbit  of  the  earth :  the  telescope  has,  how- 
ever,  removed  the  objection,  for  it  shews  the  stars  only  as  indi- 
visible points ;  it  is  not  necessary,  therefore,  to  sup{>ose  them 
superior  in  magnitude  to  the  sun ;  like  him  they  may  shine  by 
their  own  light ;  and  their  distance  from  our  system  is  actually 
such,  that  a  space  in  their  region,  equal  in  extent  to  the  diame- 
ter of  the  earth's  orbit  subtends  from  the  latter  no  visible  angje, 
consequently  the  axis  of  our  planet  will  always  appear  directed 
to  the  same  point  in  the  heavens. 

In  giving  a  reason  why  the  planets  always  move  in  the  same 
paths  he  alleges,  in  tlie  spirit  of  tlie  ancient  philosophy,  that 
the  circular  motion  is  natural  to  the  celestial  bodies;  but  he 
seems  to  be  the  first  astronomer  who,  from  the  movements  of 
the  comets,  in  space,  inferred  that  the  planetary  spheres  could 
not  have  a  material  existence  since,  as  he  observes,  the  comets 
evidently  pervade  them  in  various  directions.     It  had   been 
before  supposed,  by  those  who  ranked  the  comets  among  the 
celestial  bodies,  that  the  former  revolved  about  the  earth  in  orbits 
situated  between  those  of  the  planets ;  and  reasons,  founded  on 
the  ima^ned  qualities  of  the  comets  themselves,  were  olBered  to 
explain  why  they  should  be  only  occasionally  visible :  except 
in  this  respect,  it  seems  to  have  been  supposed  that  they  were 
subject  to  the  laws  which  governed  the  other  planets.    Corne- 
lius Gemma,  who  thought  he  perceived  that  the  curves  they 
described  were  of  an  oval  form,  imagined  this  appearance  to  be 
an  eflfoct  of  peTspective  arising  fix)m  the  planes  of  their  orbits 
being  seen  obfiquely  by  a  spectator  on  the  earth ;  and,  in  con- 
fiauulj  with  Am  ancient  pr^dice,  he  conceived  that  the  orbit 
of  a  eoDMt  ecwMJiitod  of  a  deferent  circle  whose  plane  was  coin- 
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cidenl  with  that  of  the  ecliptic  and  of  which  the  sun  or  the 
earth  was  the  centre,  and  of  an  epicycle  perpendicular  to  the 
plane  of  the  deferent. 

The  system  of  Tycho  Brahe,  as  well  fts  that  of  Copernicus, 
admitting  that  the  latter  astronomer  did  not  insist  on  the  mate- 
riality of  the  planets'  orhits,  had  the  advantage  over  the  more 
ancient  systems,  of  being  consistent  with  the  hj'pothesis  that 
the  comets  revolve  about  the  sun  and,  consequently,  allowed 
their  disappearance  to  be  accounted  for  by  supposing  them, 
when  near  tlieir  aphelia,  to  be  too  far  distant  from  the  earth 
to  be  visible  from  thence.  The  former  astronomer  assigns  this 
reason,  and  he  coincides,  in  opinion,  with  those  who  considered 
tlieir  orbits  to  be  circular,  but  he  rejects  the  epicycle  of  Gemma 
as  unnecessary,  and  as  inconsistent  witli  his  observations  on  the 
comet  of  1577  whoso  movement,  when  in  opposition  to  the  sun, 
appeared  to  be  in  direct  order,  while,  in  like  circumstances,  the 
movemciilA  of  all  the  superior  planets  a])pcar  to  be  retrograde ;  to 
account  for  which,  the  earth  being  supposed  at  rest,  the  epicycle 
was  introduced.  This  difference,  however,  in  the  directions  of 
the  motions  of  planets  and  comets  afforded  ttic  Danish  astronomer 
»*at  he  conceived  to  be  an  argument  against  tlie  h}-pothesis  of 
his  illustrious  rival ;  as  if  it  were  indispensable  that  the  apparent 
movcmcnls  of  both  should  be  always  in  the  same  order ;  but 
these  apparent  movements  are  comjiounded  of  the  proper  mo- 
tions of  the  celestial  body  and  of  the  earth ;  and  the  superior 
planets  move  slower  than  the  latter,  which  causes  thorn,  daily, 
when  in  opposition,  to  bo  left  behind,  or  towards  the  west,  on 
comparing  their  places  with  those  of  the  fixed  stars  ;  wherea«, 
if  the  true  motion  of  the  comet  shoidd  be  direct,  and  more  rapid 
than  Uiat  of  the  eartli,  its  apparent!  motion  would,  also,  with 
respect  to  the  fixed  stars,  be  in  that  order;  which  was  the  case 
with  the  above  mentioned  comet,  and,  that  so  simple  an  expla- 
nation should  not  have  occurred  to  Tycho  Dralie,  may  be  con- 
sidered as  an  example  of  the  effects  of  prejudice  in  rendering 
the  mind  insensible  to  the  most  obvious  reasons  when  they  are 
opposed  to  a  favourite  notion.  The  stipposilion  that  the  comets 
partake  of  the  nature  of  planets,  does  not,  moreover,  seem  to 
have  been,  then,  generally  admitted ;  for  many  scientific  men,  in. 
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and  subsequently  to  this  age,  considered  tliose  objects 
meteors  existing  in  the  atmosphere  of  the  eartli. 

In  November  1572  tliere  api^earcd  in  Uie  constellation  Ci 
siopeia  a  remarkably  brilliant  star,  which  had  not  before  bi 
observed,  and  which  continued  visible  there  till  March  1574, 
wlien,  after  a  gradual  diminution  of  lustre,  it  completely  vanish- 
ed: Uiis  being  the  only  change  which  had  been  know-n  to 
place  in  the  appearance  of  the  heavens  since  the  revival 
learning  in  Europe;  though,  about  300  years  before,  a  new 
had  in  like  manner  been  for  a  short  time  seen,  naturally 
cited  great  attention,  and  concerning  its  nature  there  i 
fonned  various  opinions  which,  as  may  be  conceived,  betraj 
some  of  the  erroneous  ideas  then  entertained  with  regard  to 
constitution  of  the  universe.  Tycho  Brahc,  who  probably  WM 
the  discoverer,  not  being  able  to  ascertain  that  it  had  any  sensible 
parallax,  justly  enough  concluded  that  its  place  was  beyond  the 
region  of  the  planets ;  but  he  was  less  fortimate,  in  supposing 
that  it  was  produced  by  a  condensation  of  the  matter  collected 
in  the  via  lactea,  in  which  it  was  situated.  Vallcsius  supposed 
that  it  was  a  small  star  previously  existing,  which  had,  simplj, 
become  brilliant  on  being  brought,  by  a  revolution  of  the  sphi 
among  the  denser  light  in  that  portion  of  the  heavens.  Soi 
persons  thought  it  to  be  a  comet  without  motion,  and  the  mi 
tliematician  John  Dee  proposed  the  idea  that  it  moved  alter- 
nately towards,  and  from  the  earth,  in  a  right  line,  and  ceased  to 
be  visible  when  very  remote  from  thence. 

Tycho  Brahc  made  considerable  improvements  in  the  pj 
tice  of  observing  the  celestial  bodies  ;  he  ascertained,  directly 
the  altitudes  and  azimuths  of  stars  &om  which,  by  computatioi 
he  determined  their  latitudes  and  longitudes ;  and,  as  the 
justments  of  instruments  for  tlie  horizon  and  meridian  are  sui 
ceptible  of  greater  acciuTicy  tlian  those  for  tlic  plane  of 
ecliptic,  it  is  evident  that  this  method  possesses  an  impoi 
advantage  over  that  which  was  formerly  used :  like  Walter 
Nuremberg  he,  also,  determined  the  relative  longitudes  of  st 
by  obsen-ing  the  distances  of  each  from  two  others  whose  placi 
known,  witli  a  large  sextant  which  was  capable  of  bein| 
.djusted  t'         '     e  passing  through  one  of  the  known  si 
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aDd  that  whose  position  was  required ;  aiid,  having;  fixed  the 
places  of  a  few  ])rinci]»al  slajs  willi  respect  lo  the  equinoctial 
point  by  their  distance,  in  longitude,  from  the  sun,  which  he 
ascertained  by  means  of  the  planet  Venus,  the  diiferenccs  of 
longitude,  obsen'ed  as  above  said,  gave  the  absolute  longitudes 
of  the  others.  To  determine  tlie  time  of  an  observation,  he 
took  the  distance  of  the  sun,  or  of  a  star,  from  the  meridian 
with  an  equatorial  instrument ;  and  thus  obtained,  at  once,  the 
horary  angle  of  the  celestial  body.  The  Danish  astronomer 
has  the  honour  of  being  the  first  who  applied  to  the  ob8er\-ed 
altitudes  of  the  sun,  moon,  and  stars,  the  correction  for  Ihe 
refraction  of  light :  he  ascribed  this  efi'ect  to  the  dense  vapours 
of  the  atmosphere,  merely  ;  and,  erroneously  supposing  that  it 
was  affected  by  the  distance  of  the  celestial  body,  he  made  the 
refraction  of  the  light  from  a  star  less  than  that  of  the  light 
from  the  sun  or  moon.  He  determined  its  amount,  when  the 
body  is  in  the  horizon,  to  be  34  minutes,  which  is  nearly 
correct,  but  he  thought  it  insensible  at  elevations  greater  than 
forty -five  degrees. 

To  conclude  our  account  of  tlie  labours  of  tins  celebrated 
astronomer,  we  may  slate  tliat  he  determined  the  precession  of 
the  equinoxes  both  by  the  difference  in  the  lengths  of  the  sidereal 
and  tropical  year,  and  by  tlie  longitudes  of  certain  fixed  stars 
which  he  had  observed  and  compared  with  the  longitudes 
found  by  Copernicus,  Albatcgnius,  and  Ptolemy ;  and  he  fixed 
its  aimual  value  at  51  seconds.  He  did  not  ^dmit  that  ine- 
quality of  the  precession  which  Copernicus  had  adopted  from 
the  ancients,  justly  considering  that  it  was  due  to  the  errors 
of  observation.  Finally,  he  perceived  that  the  latitudes  of 
slant,  which  Ptolemy  had  thought  invariable,  Imd  undergone 
some  small  changes;  and,  having  observed  that  tlie  relative 
places  of  the  stars  remained  constant,  he  rightly  concluded 
those  changes  to  he  caused  by  a  displaeenient  of  the  plane  of 
the  ecliptic. 

In  the  beginning  of  his  career,  Tyeho  Brahe  had  been  stimu- 
lated in  his  favourite  pursuit  by  William,  the  Landgrave  of 
Hesse,  who,  in  his  own  country,  caused  an  observatory  to  be 
constructed  and,  occasionally,  as  a  relaxation  from  the  cares  of 
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govemmeiit,  superintended  tiie  operalions  of  the  Kieotific  mra 
to  wbom  he  had  given  it  in  charge.  Between  tliis  enligiiinied 
prince  and  the  Danish  astronomer  a  correspondence  was  uuin- 
tained  till  tlie  death  of  the  former,  which  precede*!  that  of  his 
friend  by  about  nine  years.  The  latter  days  of  Tycho  Brahe 
were  embittered  by  persecutions,  of  which  the  causes  aie 
well  known  ;  he  was,  however,  compelled  by  the  Dj 
Goveminent  to  quit  his  observatory  in  the  island  of  Iluei 
the  entrance  of  the  Baltic  Sea,  where,  during  twenty-one 
he  liad  been  diligently  employed  in  making  tliosc  observationa 
which  were,  shortly  afterwards,  productive  of  so  iniicb  benefit  in 
astronomy.  After  his  retirement,  the  emperor  Rodolpbus  11. 
received  him  kindly,  in  Germany,  and  gave  him  an  observatnrv 
at  Prague  where,  in  1001,  lie  died.  Fifty  years  after  his  de- 
parture from  the  island,  the  village  and  castle  of  Uranil 
where  he  had  resided,  were  completely  desljoyed  and  their 
ations  entirely  forgotten. 

In  Kepler  we  have  an  unrivalled  example  of  patient  indi 
in  calculation ;  his  was  the  mind  particularly  required  in 
age,  when  a  large  mass  of  facts  had  been  collcn^led,   and  it  h? 
came  necessary  to  compare  them  together  in  order  to  r^mdw 
them  available  for  the  improvement  of  astronomy.     This  wm 
the  task  of  the  German  mathematician,  who  is  less  distinguished 
by  his  own  observations  than  by  the  unwearied  assiduitv  with 
which  he  reduced  those  of  his  friend  Tycho  Brahe ;  it  was  bv 
deductions  from  tliem  that  he  arrived  at  the  knowledge  of  thr 
laws  by  which  the  planetary  motions  are  regulated,  and  that  he 
succeeded  in  overturning,  not  only  the  particular  Kystems 
posed  by  tlie  ancients,  but  even  all  those  ideas  conccniiog 
celestial  movements  which  hod  been,  for  so  many  ages, 
dered  as  ftindamental  laws  of  nature,  and  whose  truth 
never  occurred  to  any  one  to  call  in  question. 

It  has  been  supposed  that  Kepler  obtained  a  hint  of  the 
tical  nature  of  the  planets'  orbits  from  the  appearance  of  the 
described  by  the  apogeum  of  the  eccentric  circle,  in  Ptulexuv's 
lliGory  of  the  moon,  or  by  observing  that,  in  his  planclarr 
theory,  the  centre  of  constant  distances  and  that  of  nuiforin 
angidar  motion  have  some  analogj-  with  the  foci  of  an  ellipse  in 
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whose  periphery  the  ]>lanet  mif^ht  perform  its  revolution  ;  from 
wliich  it  is  thought  tlial  it  would  be  easy  for  a  disciple  of  Co- 
pernicus to  fall  in  with  the  idea  that  the  suu  occupied  one  of 
those  jKiiiits.  Such  suppositions,  liowever,  appear  to  have  no 
foundution  except  iu  the  imaginations  of  tho^  wlio  proposed 
them  ;  and  it  may,  wilh  more  reason,  be  asserted  that  to  the 
energies  of  his  own  mind,  chiefly,  were  due  tlie  discox-eries  which 
have  immortalised  the  name  of  this  illustrious  aF«troBDmw. 

The  differences  betwetn  the  obsen-ed  places  of  the  sun,  and 
those  found,  for  the  same  times,  from  the  tables,  shewed,  even 
in  the  days  of  Tycho  Bruhe,  Uiat  ihc  hypothesis  of  an  eccentric 
circular  orbit  n-as  not  entirely  conformable  to  nature.  We  hare 
before  shewn,  also,  that,  in  the  system  of  Plolcray,  the  variations 
of  a  planet's  movement  were  considered  as  twofold ;  that  the  first 
was  supposed  to  be  caused  by  the  eccentricity  of  the  deferent, 
and  the  other,  by  the  movement  of  the  planet  in  the  circum- 
ference of  its  epicycle.  Now  Tycho  Brahe  had  found,  by  tt 
comparison  of  his  observations  with  tlie  theory,  that  this  second 
tliequalily  of  motion  was  subject  to  several  variations,  and  that, 
to  represent  them,  it  would  be  necessary  to  suppose  the  epicycle 
to  be  not  always  of  tlie  same  magnitude ;  and  h  appeared  to 
Kepler,  to  whom  the  former  astronomer  had  communicated  the 
results  of  Ms  observations,  tliat,  as  no  physical  reason  could  bo 
imagined  why  an  epicycle  should  experience  any  increase  or 
diminution  of  magnitude ;  and  as,  in  the  Uieory  of  the  superior 
planets,  the  epicycle  which  produced  tlie  second  inequality  wa«, 
in  the  system  of  Copernicus,  superseded  by  ths  annual  move- 
ment of  the  earth ;  the  cause  of  the  v&riations  observed  by  Tycho 
might  lie  in  tiie  figure  of  the  earth's  orbit,  whose  periphery 
might  not,  he  conceived,  be  every  where  at  equal  distances  from 
the  centre  of  uniform  motion.  Kepler  seems  lo  have  been  con- 
firmed in  this  opinion  by  reflecting  that,  in  the  orbits  of  all  the 
planets,  accorduig  to  the  Ptolemean  bypotbeais,  the  centres  oi' 
constant  distances,  and  of  uniform  angular  motion,  are  at  a  cer- 
tain distance  from  each  other,  while,  iu  tlie  sun's  orbit,  ihey  are 
coincident ;  a  difference  which  appeared  lo  him  lo  he  at  vari- 
ance with  our  notions  of  the  harmony  reigning  in  the  works  of 
nature,  and,  therelore,  not  likely  to  be  founded  in  facL 
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In  order  to  ascertain  if  the  earth's  orbit  is  a  circle  and  if  its 
centre  is  coincident  with  that  of  the  sun,  Kepler  had  recoiurse  to 
the  registers  of  observations  made  on  Mars,  and  found  two  times 
when  the  planet  had  the  same  heliocentric  longitude,  and  when 
the  angles  of  commutation,  or  the  differences  between  the  helio- 
centric longitudes  of  Mars  and  the  earth,  were  equal  but  on  op- 
posite sides  of  a  line  joining  the  sun  and  planet;  in  which 
positions,  relatively  to  each  other,  the  three  bodies  are  situated 
nearly  at  the  end  of  every  six  years.     These  commutations,  and 
the  earth's  annual  parallaxes,  or  the  differences  between  the  helio* 
centric  and  geocentric  places  of  Mars,  for  the  same  times,  being 
known  from  the  observations ;  and  a  line  joining  the  sun  and 
planet,  which  is  the  common  base  of  the  two  plane  triangles 
formed  between  the  sun,  earth  and  Mars,  being  assumed  as 
unity ;  the  two  distances  of  the  earth  from  the  sun  were  com- 
puted.    Now,  had  the  orbit  been  circular  and  described  aboat 
the  sun  as  a  centre,  these  two  distances  and  the  two  parallaxes 
would  have  been,  respectively,  equal  to  each  other ;  their  ine- 
quality was,  consequently,  a  proof  that  such  were  not  the  charac- 
ters of  the  orbit.     Kepler  afterwards  computed  four  distances  of 
the  earth  from  the  sun  in  like  circumstances,  and  their  differ- 
ences afforded  an  indication  that  the  eartli's  orbit  was  elongated 
in  the  direction  of  the  apsides  and  compressed  on  each  side  of 
the  line  joining  those  points;    with  these  distances   and  the 
angles  included  between  the  lines  drawn  from  the  sun  to  each 
position  of  the  earth,  he,'*then,  calculated  the  eccentricity,  and 
the  longitudes  of  the  apsides ;  the  former,  which  is  the  difference 
between  the  least  and  greatest  distances  of  the  earth  from  the 
sun,  or  the  distance  from  the  latter  to  the  centre  of  mean  dis- 
tance, he  found  equal  to  0*01539,   the  mean  distance   being 
unity ;  whereas  Tycho  Brahe,  and  the  astronomers  who   lived 
before  the  time  of  Copernicus,  made  the  interval  between  the 
earth  and  the  centre  of  equal  distances,  or  the  centre  of  mean 
motions,  equal  to  0*036,  in  the  solar  orbit. 

Kepler,  next,  proved  the  deviation  of  the  earth's  orbit  firom  a 
dnnilar  fonn,  and  the  error  of  the  ancient  astronomers  in  their 
ertimBte  of  its  eccentricity,  by  computing  four  several  distances 
of  the  earth  finim  a  point  suppos^d^  be  the  centre  of  uniform 
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n  this  research,  he.  imagined  four  lineB  lo  be  drawn 
n  the  assumed  centre  of  mean  motion,  making  angles  with 
Peach  other  equal  lo  the  differences  between  the  mean  longitudes 
I  of  the  eartli  at  times  when  Mai's  had  the  same  heliocentric 
P  longitude,  and  to  be  intersected  by  otiier  hues,  drawn  from  the 
t  place  of  Mars,  making  angles,  with  a  line  joining  the  planet  and 
I  the  centre  of  mean  motions,  equal  to  the  annual  parallaxes,  or 
I  differences  between  the  hehocentric  longitudes  of  Mars  and  the 
I  earth  ;  the  four  distances  tlius  determined  were  found  quite  in- 
consistent with  the  supposition  of  Copernicus,  that  tlie  eartli's 
whit  was  a  circle  described  about  the  centre  of  mean  motions ; 
and,  from  the  computed  distances,  tlic  eccentricity,  or  distance 
between  tlie  centres  of  mean  motions  and  distances,  was  fouud 
equal  to  0.0153;   hence  it  apjieared  that  the  whole  eccentricity, 
or  the  interval  l>etweftn  the  sun  and  tlie  centre  of  mean  more- 
mcnts,  (which  corresponds  to  the  interval  between  Uie  earth 
and  the  centre  of  mean  motion  in  the  ancient  hypothesis,)  was 
bisected  by  the  centre  of  mean  or  constant  distances. 

Means  similar  lo  those  employed  in  in A-esti  gating  the  figure 
of  tlie  eartli's  orbit  were,  also,  put  in  practice  by  Kepler  lo 
ascertain  that  of  tlie  orbit  of  Mars ;  assuming,  at  first,  tliat  it 
was  circular  and  that  the  sun  and  the  centre  of  uniform  motions 
were  on  opposite  sides  of  the  centre  of  mean  distances'.  Like 
Ptolemy  he  usee,  in  this  investigation,  the  oppositions  of  the 
planel  to  tlie  sun,  in  order  to  avoid  the  second  inequality  of 
motion,  which  tlien,  as  weU  as  at  tlie  times  of  conjunction, 
vanishes,  the  geocentric  and  heliocentric  places  of  tlie  planet 
being  coincident,  or  the  siui,  earth  and  planet  being  in  one  line ; 
but  he  dtflers  from  the  Greek  astronomer,  in  considering  the 
oppositions  lo  be  those  of  the  sun  and  planet's  true  places, 
justly  observing  that  then,  only,  can  the  second  inequality  be 
null.  He  employs  four  obsenations  of  Alars,  which  were  made 
between  the  years  1587  and  ldD5,  when  tlie  planet  was  rising 
or  setting  acronically,  consequently  when  in  opposition  lo  the 
sun;  and  the  differences  between  the  observed  longitudes 
give  him  tlie  angles  formed  at  llic  sun  by  the  four  places  of 
Mars  in  the  ecliptic.  He  supposes  lines  to  be  drau'n  lirom  the 
*  I>e  molibua  btelln  Marti*,  np.  111. 
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Nun  making  angles  with  each  other  equal  to  these  diflereikces  nf 
toti^itude,  and  the  corresponding  places  of  the  planet  are  foooil 
at  the  mlersections  of  tliese  lines  nith  the  circamfereDce  of  a 
circle  supposed  to  he  described,  with  any  radius,  aboot  an  as- 
sumed centre  of  constant  distances.  A  line  drawn  through  the 
assumed  places  of  the  sun  and  of  this  centre  represents  the  line 
ef  tlic  apsides  of  the  planet's  orhit,  and  Kepler  investigates  the 
angles  which  the  four  radii  veclores  must  make  ^rith  the  line  of 
the  apsides  in  order  tliut  the  four  places  of  the  plaoet  may  be  in 
the  circumference  of  a  circle;  from  which  he,  subseqnentir, 
finds  the  eccentricity  of  the  circle  in  terms  of  the  planet's  mean 
distance :  the  problem,  however,  not  admitting  of  a  direct  solu- 
tion, he  uses  a  tentative  process,  in  which,  after  seventy  socccs- 
sive  a])))roximatious,  he  arrives  at  the  conclusion  that,  when  the 
mean  distance  of  the  planet  is  equal  to  unity,  the  distance  from 
Uie  suu  to  tlie  centre  of  mean  distances  is  equal  to  0.11332,  and 
the  whole  eccentricity,  or  the  distance  from  the  sun  to  the  cenlir 
of  uniform  motion,  is  equal  to  0.18564.  This  elemtmt  corre- 
sponds to  that  which,  by  Ptolemy,  was  made  equal  to  0.2 ;  and 
the  Alexandrian  astronomer  had  made  the  former  distance  <^qual 
to  half  the  latter,  which  is  less  accurate  than-  the  value  found  by 
Kepler,  whose  results,  however,  are  affected  by  his  erroneous 
estimates  of  the  parallaxes  both  of  the  sun  and  planet.  The 
labour  of  so  many  upproximations  must  have  been  immen^ 
Uiuugh,  OS  Dclambre  observes,  not  greater  tlian  that  nhich,  at 
present,  is  undergone  in  computing  the  orbit  of  a  comet ;  but  il 
waa  much  greater  than  a  like  operation  would  now  ho,  on 
count  of  llio  facility  afforded,  in  trigonometrical  compntatJt 
by  tlic  use  of  logarithms,  which,  in  Kepler's  days,  were 
dificuvcred. 

'riiis  astruiiouicr,  also,  computed  the  eccentricity  of  Man 
moans  of  its  observed  geocentric  latitudes,  when  nearly  in 
apsides,  the  inclination  of  the  orbit  to  tlie  ecliptic  being  fcnownT 
and,  from  that,  he  determines  the  errors  in  the  equation  of  the 
centre  which,  on  comparing  the  calculated  places  of  the  planet 
witli  those  found  from  the  observations  of  Tyclio  Brahe,  he 
to  amount  to  8  or  9  minutes  i>(  a  degree :  hut  ho  conader* 
possible  tliat  such  enors  cotdd  have  existed  in  the  obsCTVi 
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of  BO  careful  aii  astronomer ;  hence,  lie  concludes  Uiat  the  hy- 
potheses on  which  the  computations  are  founded,  which  were 
the  circular  fonn  of  the  orbit,  and  tlie  exJelcnce  of  a  point  in  the 
line  of  tlie  apsides  where  the  angular  motions  arc  proportiona] 
to  the  times,  are  erroneous ;  and  remarks  that,  "  as  we  are  in- 
debted to  the  divine  goodness  for  the  gift  of  so  accurate  an  ob- 
sener  as  Tycho,  we  ought  to  be  thankful  for  it,  and  endeavour 
to  find  out  tlie  errors  in  our  8tipj>ositions." 

Kepler,  therefore,  calculated  several  distances  of  Mara  from 
tlie  sun,  and  found,  by  a  comparison  of  those  near  tlie  upsides,  and 
those  near  the  points  of  mean  distance,  whose  anomalies  arc  00 
degrees  and  270  degrees,  that  the  form  of  the  orbit  must  be  that 
of  an  oval,  which  yet,  from  errors  in  some  of  the  distaaces,  he,  at 
first,  thought  was  larger  at  one  end  than  at  the  other:  but  not 
being  able  to  obtain,  from  the  supposed  figure  of  the  orbit,  such 
values  of  the  equation  of  the  centre  as  would  satisfy  the  obser- 
>'BtionE  with  which  he  compared  the  results  of  his  calculations, 
particularly  when  the  planet  was  near  the  points  of  mean  dis- 
tance, he  began  to  despair  of  succeeding  iu  the  attempt  to  dis- 
cover the  true  figure,  when  he  happened  to  remark  that  llie 
secant  of  an  angle  equal  to  the  greatest  equation  of  the  centre, 
or  that  which  corresponds  to  an  anomaly  of  00  degrees,  exceed- 
ed the  radius  by  a  quantity  equal  to  tlie  error  in  his  computed 
value  of  the  planet's  distance  from  tlic  sun  when  in  this  part  of 
its  orbit ;  and  it  immediately  occurred  to  bis  mind  that,  to 
obtain  the  true  length  of  the  radius  vector,  it  would  be  only 
necessary  to  suppose  the  orbit  of  the  planet  to  be  the  ortho- 
graphical projection  of  a  circle  whose  plane  is  inclined  to 
that  of  the  orbit  in  an  angle  equal  to  the  greatest  equation  of 
the  centre,  and  intersects  it  in  the  line  of  the  apsides  ;  for  ou 
this  supposition,  the  radius  vector  which  is  perpendicular  to 
that  line  would  be  less  than  the  semi-diameter  of  the  circle,  in 
the  same  proportion  as  the  radius  is  less  than  the  secant  of  the 
incliDatioD  ;  but  such  a  projection  is  a  regular  ellipse ',  and,  on 
comparison,  it  was  tbund  that  the  computed  distances  of  the 
planet  from  tlie  sun  agreed,  in  length,  with  the  corresponding 
radii  vectores  in  this  ellipse :  subsequent  computations  shewed 
that  a  Uke  agreement  sub^slcd  between  the  lengths  of  the  radii 
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found  from  obserrabuns  aud  theory,  hi  tlie  orbits  of  the  eaitk 
and  otber  planets ;  and,  Iroiii  this  lime,  the  IiTpotliesJs  of  clEp- 
tical  orbits  was  anbesiiatiii^lT  adinilled.  Tlie  cnentre  of  ibc 
ptanetaiy-  sjsleni  is  placed  br  Kepler '  in  ibe  common  ioUr- 
section  of  the  lines  of  ihe  apsides  of  4UI  the  planets'  ortiiu,  and 
he  supposes  this  intersection  to  be  coiBcideat  wiifa  tbe  c 
Ihesun. 

With  tlie  talue  he  had  found  for  the  eccentric)^  ol  i 
earth's  orbit,  Kepler  calculated  the  radii  rectores  for  ereij  di^ 
grec  of  her  atioBtalj- ;  tirom  tbe  values  of  which,  and  the  dath 
difierenccs  of  the  sun'a  longitude  or  anomalT,  he  proved  that, 
when  the  earlli  is  in  aphelio  or  perihelio,  its  veloriir  is  inrendy 
proportional  to  the  lengths  of  Ihe  radii ;  conseqaentlr,  that  the 
time  of  describing  iiny  small  ^ven  arc,  in  the  orbit,  is  proper- 
Uonul  to  tlie  length  of  the  radius  at  that  point ;  the  fact  could 
not  be  ascertained  with  so  much  ceitaiutj-  for  other  points  in  lh« 
orbit,  but  Kepler  bad  sufficient  reason  to  believe  tliat  it  was  ge- 
neral " ;  and  tins  fortunate  confidence  led  him  to  the  diBCorery 
that  the  elliptical  areas  comprehended  between  any  two  radii 
were  proporttonid  to  tlie  times  of  describing  the  correajmnding 
arcs  of  the  orbit :  at  fu«t,  however,  he  considered  that  if  radii 
were  dranii  from  the  sun  to  ererj'  jioint  in  the  earth's  orbit,  lbs 
sum  of  all  those  radii  would  be,  to  the  Ume  in  which  the  earth 
described  the  anntial  rerohition,  as  any  part  whatever  of  that 
sum,  is  to  the  corresponding  time :  but  he,  afterwards,  changed 
tbe  sums  of  the  radii  vectores  for  tlie  areas  of  the  eHiptical 
sectors  made  up  of  such  radii ;  and  thus  arrived  at  an  impartant 
tlieorem  in  physicid  astronomy. 

Un  the  supposilioa  that  the  orbit  of  Mars  had  been  an  eccen- 
tric circle,  Kepler  dcleniiined  the  value  of  the  radius  reclor  in 
tlie  following  iDaiiner.    Let  s  [Plate  \'.  lig.  2.]  be  the  sun,  c  tlif^j 
centre  of  the  eccentric,  a  P  (he  line  of  the  apsides  and  it    \ 
place  of  the  earth  or  any  planet,  in  the  orbit ;  and  lei  fall  t 
peqtendicularly  on  H  c  produced  :  then  M  s  is  the  radius  r 
the  angle  a  c  m,  the  eccentric  and  mean  anomaly,  and  the  a 
ASM  tlie  true  anomaly.      Now  v  j  is,  evidently,  equal  to  ( 
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COS.Z.ACM;  ihercfurc  mt=M  c  +  c  S  .  cos,  /  AC  m,  aiid  ms= 
{mc  +  cs  .  COS. iACM}  .  sec. ^c MS.  But  llie  real  orbit  being 
supposed  an  ellipsCj  as  AQ  pb,  formed  by  projecting  a  circle  on 
a.  plune  inclined  to  it  in  an  angle  equal  to  c  h'  s ;  if  we  draw 
M  N  jierpendiciJarlj'  to  a  P,  intersecting  the  periphery  of  the  el- 
lipse in  in,  the  point  m  may  be  considered  as  the  true  place  of 
the  planet,  and  it  will  be  evident  that,  to  obtain  the  radius 
vector  m  »,  of  the  ellipse,  llie  former  line,  M  s,  must  be  reduced 
in  the  proportion  of  m  s  to  M  T ;  that  is  in  the  proportion  of  radius 
to  the  cosine  of  the  inchnation ;  Kepler,  therefore,  concluded 
tliat  the  general  expression  for  m  s  is  m  c  +  c  s  .  cos.  Z  a  c  M ; 
or,  as  it  is  now  written,  I  -|-  e  cos.  u ;  m  c,  which  represents  the 
semitransverse  axis  of  the  ellipse,  or  the  mean  distance  of  the 
planet,  being  supposed  equal  to  unity ;  c  s,  the  eccentricity,  be- 
ing expressed  by  c,  and  llie  eccentric  anomaly,  by  u.  Now  the 
angle  Asm  is  that  which  is  called  the  true  anomaly  on  the 
ellipse,  and  the  angle  a  c  m",  or  its  measure  A  m",  being  sup- 
posed to  be  described  by  the  planet,  with  its  mean  motion,  in 
the  time  that  the  planet  really  describes  the  arc  a  m,  is  called 
tlie  mean  anomaly :  tlie  value  of  Uiis  angle  or  arc  is  given,  when 
tlic  time  elapsed  since  the  planet  was  in  uphelio  is  knoivn,  be- 
ing proportional  to  that  time,  and  Kepler  immediately  investi- 
gated expressions  shewing  the  relations  between  the  mean,  ec- 
centric and  Irue  anomalies,  In  so  doing,  he  considered  that, 
since  the  sector  a  m"  c  is  supposed  to  be  described  by  the  uni- 
form motion  of  the  radius  c  m",  tliat  sector,  as  well  as  the  arc 
a  m",  is  proportional  to  the  time ;  also  the  elliptical  sector  A.m  a 
is  proportional  to  the  time  for  tJie  reason  above  given ;  and 
Nince,  from  the  nature  of  the  ellipse,  tho  areas  of  the  sectors 
a  m  s  and  a  M  s  have  to  each  other  the  constant  ratio  of  m  N  to 
M  N,  or  of  Q  c  to  M'  c,  the  latter  sector  is,  tlierefore,  also,  propor- 
tional to  the  lime :  but  the  times  of  describing  a  m  and  A  M, 
about  8,  and  a  m",  about  c  being,  by  supposition,  equal,  it  fol- 
lows that  the  areas  a  M  s  and  a  m"  c  have  the  same  ratio  to  the 
area  of  the  circle  tliat  the  area  a  m  s  has  to  that  of  the  ellipse ; 
and,  consequently,  the  first  two  are  equal  to  one  another.    Now 


the  area  a  M  s  is  equal  to  M  c  . 


s  it  would  be 


r 


Ait- 


SB4  THE    WORKS   OP  £CH1P. 

now  ex  pressed,—  +  e  - — ^— ;  therefore  tLe  area  a  u"  c  iit  ei]iul 
to  the  same  qiiiuililj ;  but  it  is,  also,  equal  to  b 

i  nt,  [nt  bciog  taken  to  represent  the  mean  auomaly,  becauu  il 
is  proportional  to  the  time,  t]  therefore  we  have  Dt=n-f-c  sin  .a. 
Lastly,  Kepler  oblained  the  true  anomaly  [=  Z.A  S  m]  'fTuu  the 

proportion  ms  :  NS  :  :  rad.  :  cos.  i  Asm    [^ ;    qj. 

C8  +  CM  COS.ylACM    ,       ,  e  +  COS.O 

equal  to : 1 ;  that  is,  cos.  v  := —        "    . 

^  CM  +  CB  COS./.AC  M  1+ecos.u  ' 

V  being  taken  to  represent  the  true  anomaly.  But  these  equa- 
tions for  nt,  and  cos.  v,  being  transceudenlol,  Kepler,  who  en- 
deavoured to  obtain  tlie  value  of  u  and  v,  in  tcniis  of  nt,  could 
onlydoitby  very  tedious  and  indirect  processes;  mathematicians, 
have  however,  since,  exhibited  these  values  in  infinite  Beries" 
from  wliich,  knowing  the  mean  anomaly,  the  eccentric  and  tnic 
anomalies  maybe,  at  once,  obtdned ;  it  being  understood  thai 
these  elements  are  now  supposed  to  L-ommcnce  at  tJic  pfriheJiou, 
instead  of  the  aphelion  point  of  i^  planet's  orbit. 

'Hie  absolute  distances  of  the  planets  were  still  imperfectly 
known  in  the  time  of  Kepler.  This  astronomer  divided  the 
universe  into  three  regions,  of  which  the  first  was  occupied  by 
the  sun,  whose  diameter  he  supposed  to  bo  equal  to  fifteen  di- 
ameters of  the  earth ;  the  second,  which  extended  fiom  the  sun 
t«'  the  orbit  of  Saturn,  he  made  two  thousand  times  as  gniU  at 
the  former  region ;  and  to  the  third,  which  comprehended  all  tbt 
space  between  Saturn  and  the  sphere  of  the  fixed  stars,  he  nre 
an  extent  in  diameter  equal  to  sixty  million  times  ilie  dianeUr 
of  the  cartli.  Leaving  out  this  last,  as  destitute  of  any  fouiHih- 
tion,  we  may  observe  that  the  other  distances  arc  Uttle  more  ti 
oau  seventh  of  tlieir  true  values;  yet  the  relative  distances  of 
the  planets  were  then  known  ;  Copernicus  had  ascertained  them 
with  considerable  precision,  and  Kepler  iufonns  us  that  he  him- 
self,  hod  recomputed  lliem  from  the  observations  of  Tycho  Bmbc. 
He  relates,  in  his  Prodromun,  Uiat,  from  his  youth,  ho  bad  bccD 
accustomed  to  meditate  on  the  proportions  which  the  distanoM 
*  Slecuiiqua  Celate,  Liv.  II.  Art.  33. 
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of  the  planeU  froTD  ihe  sun  bear  to  each  other ;  and  tliat  he  was 
led  for  a  time  to  imagine,  from  a  coiitemplation  of  tlie  astrologi- 
cal aspects,  that  the  distances  between  the  planets  were  so  regu- 
lated tliat,  between  tlie  circles  representing  tlieir  orbits,  there 
might  be  inscribed  the  sides  of  an  equilateral  triangle,  of  a 
square  and  so  on,  respectively.  It  is  remarkable  enough  that 
this  fancied  law,  which  was  fonnd  to  be  defectiTe  when  applied 
to  the  orbits  of  Mars  and  Jupiter,  gave  rise,  in  the  mind  of 
Kepler,  to  the  idea  that,  between  those  planets,  Uiere  might  be 
situated  another,  which  is  invisible  to  us  only  because  it  is  too 
small  to  be  seen  with  the  naked  eye :  now,  if  the  German  astro- 
nomer had  lived  till  the  first  of  the  four  new  planets  was  disco- 
vered, in  that  region  of  the  heavens,  he  would  not  have  failed  to 
consider  it  as  a  confirmation  of  his  hypothesis;  and,  to  some 
persons  who  were  living  wheu  the  discovery  was  made,  llie  pas- 
sage in  Kepler's  work  may  have  appeared  as  a  prediction ;  both 
opinions,  however,  must  have  been  overturned  when  it  was  found 
that,  in  the  same  region,  there  were  three  other  planets  ;  yet,  if 
we  except  the  (ague  notions  ascribed  to  some  of  the  ancients, 
to  Kepler  is  due  the  honour  of  giving  the  first  hint  that  there 
may  be  planets  belonging  to  the  solar  system  besides  those  with 
which  we  are  already  acquainted  ;  and,  as  those  four  woidd  have 
been  for  ever  invisible  without  the  invention  of  the  telescope,  we 
may  reasonably  suppose  that  others  may  be  brought  to  ou? 
knowledge  by  future  improvements  in  that  valuable  instrument 
Conscious  of  llic  insufficiency  of  the  law  above  mentioned,  Kepler 
almost  iminetiialely  abandoned  it ;  but  his  passion  for  systema- 
lising  cairii'd  him  on  to  further  researches  concerning  tlie  prin- 
ciple on  which  was  founded  the  proportional  distances  of  the 
planets,  and  he  next  conceived  an  idea  that  the  magnitudes  of 
the  spheres  supposed  to  be  described  on  tlie  diameters  of  the 
orbits  were  such  that,  between  every  two  of  them,  might  bo  con- 
tained one  of  tlie  five  regular  bodies,  the  only  geometrical  solids 
bounded  by  plane  surfaces  which  are  capable  of  touching  a  cir- 
cumscribiug  sphere  at  all  their  angular  points,  or  whose  planes 
are,  all,  tangents  to  the  surface  of  a  sphere  inscribed  within  them. 
'ITius  he  imagines  that  if,  about  a  sphere  circumscribing  the  or- 
bit of  Mercury,  a  regular  octahedron  be  described,  it  will  be 
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enclosed  uithin  the  orbit  of  Venus ;  if,  in  like  luanuer,  ao  icoMli^l 
drcn  be  descrilifd  about  ttie  urbit  of  Venus,  it  nill  be  amUua^^ 
within  the  earth's  orbit ;  a  dodecahedron  about  tlie  latter  willbfl 
contained  within  tlie  orbit  uf  Mars ;  a  tetrahedron  about  the  <nkH 
of  Mars  will  be  included  in  that  of  Jupiter,  anil  a  hexabcdnH 
about  Uiis  last,  in  that  of  Saturn.  ■ 

The  reason  why  the  distance  between  Jupiter  and  SottHH 
ehould  be  determined  by  the  inscription  of  a  cube  is  su[t|M)Mfl 
by  Kepler  to  be,  tliat  tlie  cube  is  tlie  only  regular  solid  nhicli M 
generated  by  its  base ;  on  which  account  be  considcKd  it  'Hi 
most  noble  of  tiie  five  and,  therefore,  willi  proprielv  siluiUfd  b^M 
tween  the  remotest  planets  because,  according  to  the  notions  uli 
the  ancients,  the  highest  or  most  distant  ])ari  of  the  uoimse  ivi 
the  most  noble ;  he  goes  on  to  say  that  tlie  distance  belwccM 
Mars  and  Jupiter  is  made  to  depend  on  the  pyramid,  which,  in 
dignity,  is  the  next  lower  sohd  ;  and,  therefore,  should  occuirtV 
the  next  inferior  place ;  and  in  a  similar  manner  ho  accoiinledl 
for  the  remaining  distances.  The  law  fmmded  on  Uie  insctiiv  -] 
tion  of  the  regiilar  bodies  adapted  itself  with  tolerable  pr^ciHiaa  I 
to  the  computed  magnitudes  of  the  planetary  orbits,  aud  rm^  J 
dcred  imnecessary  the  supposition  that  a  planet  existed  between  fl 
Mars  and  Jupiter  ;  Kepler  was  even  led,  now,  to  conclude  tliatfl 
tliere  could  be  no  more  than  fire  planets,  besides  tlie  sun ;  sop-  I 
posing  it  necessary,  in  order  to  presenc  the  harmony  of  the  I 
universe,  that  the  admirable  proportions  of  the  celestial  orbs.,  to  I 
use  his  own  expression,  should  be  represented  by  those  of  th«  4 
five  regular  bodies :  fortunately  for  the  hypothesis,  tlie  Cicor^uia  fl 
Sidus  and  the  four  asteroids  were  not,  then,  known  to  exist,  but  .1 
it  must  be  owned  that  it  bears  the  mark  of  an  ingenious  uiind  ;  ■ 
and,  while  tlie  notionn  of  the  Pytliagoreans  concerning  uiunhcr  4 
and  figure  were  not  wholly  abandoned,  il  must  have  appciaml  fl 
far  /rom  destitute  of  probability.  It  was,  as  M.  Uailly  remarki^  ■ 
the  mania  of  tliat  age  to  mingle  sacred  things  with  those  purcljr  I 
fanciful ;  and  from  tliis  mania  Kepler  was  not  fi'ee :  in  his  ■ 
Pttrttli/tomeitn,  he  considers  Uirec  thiugs  to  be  at  reitt  in  tlisl 
universe ;  the  sphere  of  the  fixed  stars,  the  sun,  and  the  inter- -fl 
val  which  sepanttes  him  fiom  them  ;  and  these  things  be  com.  I 
pares  witli  iheTiiiiily  :  making  the  Father,  ihc  centre;  the  Soo,  I 
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the  surface ;  and  the  Holy  Spirit,  all  tliat  is  cootaJDed  between 
the  centre  and  the  surface ;  and  thest  three,  he  obsen-es,  make 
one  whole,  which  is  embraced  by  the  immensity  of  the  Deity. 

But  a  fliscovery  of  real  importance  rewarded  the  diligence 
with  which  tliis  indefatigable  calculator  investigated  the  nume- 
rical relations  between  the  distances  of  the  planets  and  tlie  times 
of  iheir  revolutions  about  the  sun.  In  the  Harmonices  Mundi  * 
he  observes  that  he  had  previously  discovered  the  movement  of 
a  planet  in  its  orbit  to  be  variable,  and  llie  angles  subtended  by 
the  arcs  daily  described  about  the  sun  to  be  inversely  propor- 
tioned to  the  distances  of  the  planet  from  the  sun ;  also,  that 
he  had  discovered  the  orbits  of  the  planets  to  be  elliptical,  and 
the  sun,  the  source  of  motion,  to  be  in  one  of  the  foci  of  the 
elUpae.  He,  moreover,  states  that,  twenty-two  years  before  the 
time  at  which  he  was  writing,  he  had  discovered,  in  the  five 
regular  bodies,  the  law  determining  the  number  and  distances  of 
the  planets ;  and  that  the  desire  of  verifying  this  law  had  in- 
duced him  to  consecrate  a  great  part  of  his  life  to  the  study  of 
astronomy ;  adding  that,  during  the  above  period,  he  had  read 
the  Harmonics  of  Ptolemy  ;  and  it  would  seem  as  if,  from  lliat 
work,  he  had  obtained  hints  which  giudcd  him  in  the  cnijuiry 
eoncemiiig  the  supposed  relations  between  the  celestial  move- 
ments and  distances,  and  the  intensities  of  musical  sounds ;  for 
he  relates  that  he  had  succeeded  beyond  his  hopes,  having  found 
that  there  really  existed  a  harmony  among  the  movements 
of  the  planets,  but  not  of  the  kind  he  had  at  first  imagined. 
He  says,  it  is  evident  from  observation  that  the  velocities  of  tlie 
planets,  or  the  periodical  times  in  which  their  revolutions  about 
the  sun  are  performed,  are  not  in  any  simple  ratio  of  the  mean 
distances  from  that  luminary;  and,  therefore,  he  assumes  that 
the  former  are  proportional  to  some  indeterminate  power  of  the 
latter;  that  is,  supposing  p  and  p  to  be  the  periodical  times  of 
the  revolutions  of  any  two  planets,  k  and  r  their  mean  distances, 
he  writes  p  :  p  :  :  R' :  r* ;  and,  assuming  for  .r  different  values, 
integral  and  fractional,  be  at  last  found  that,  when  .r  was  made 
equal  to  i,  the  above  proportion  held  good  for  all  the  planets ; 
(he  values  of  the  periodical  times  and  distances  being  obtained 
•  Lib.  V.  C^  3. 
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(him  the  obaetvatioiis  of  Tycho  Bralie  ;  hcDce  he  concludes  lint 
the  proportion  between  the  periodical  limes  of  the  T«ro1utii>ii«a' 
any  two  planets  is  sesquiplitate  of  that  between  the  mean  di*- 
tances;  or,  the  squares  of  the  times  are  proportional  to  the  raba 
of  the  mean  distances.  Proud  of  his  discovery  and,  seemtnglf, 
conscious  of  the  advantage  which  his  favourite  science  irouM 
one  day  derive  from  it,  lie  fixes  llie  times  when  the  investiga- 
tion began  and  ended ;  and  the  former  appears  to  harr  h 
coincident  with  that  at  which  he  found  the  law  of  the  di 
from  the  inscription  of  the  regular  bodies  between  the 
he  relates  that,  irom  errors  in  his  data  or  calculations,  the  ■ 
portion  above  exhibited  appeared  to  be  erroneous  but,  su^ 
quently,  returning  to  the  enquiry  with  renovated  rigour, 
darkness  was  dispelled  from  his  muid  on  the  tiflcenlh  day  I 
May,  in  the  year  1618,  after  seventeen  years  spent  in  comn, 
and  meditating  on  the  observations  of  Tycho  Brahc. 
having  been  discovered  only  bv  observations  made  on  the  i 
planets  then  known,  there  might  have  existed  some  doubt  * 
ceming  its  universahty  ;  but,  soon  after  the  death  of  KepW,  I 
received  a  confirmation  from  Vendelinu!",  who  found  it  to  boU 
good,  also,  between  the  distances  and  periodical  times  of  the  » 
tellites  of  Jupiter ;  it  is  needless  to  add  tliat  it  is  found  to  esia 
in  all  the  planets  and  satellites  which  the  telescope  has,  sin 
shewn  to  belong  lo  our  system. 

It  is  to  be  regretted  that  Kepler  did  not  content  himself  * 
this  tnily  great  discovery ;  but  he  seems  to  have  persisted  in  the 
search  after  relations  between  the  celestial  movements  and  the 
tones  of  sound,  To  us,  who  know  so  much  more  than  Kepler  coi 
know  of  the  physical  laws  of  motion,  the  enquiry  may  ; 
puerile ;  and  it  may  excite  surprise  that  the  human  intellei 
should,  almost  at  the  same  time,  ascend  so  high  and  fall  so  totrr' 
but,  perhaps,  it  was  impossible  that  so  zealous  an  enquirer  into 
Nature  should  omit  to  prosecute  his  researches  in  every  direction 
as  far  as  lits  time  or  means  pennitted  ;  in  Uiis  instance,  indeed, 
he  was  unsuccessful,  because  he  sought  for  truth  where  it  was 
not  to  be  found ;  but  wc  may  obsen-c  that,  without  the  persevfr- 
rance  which  his  taste  for  analogies  inspired,  astronomical  &ci«i 
might  have  much  longer  remained  destitute  of  one  of  its  n 
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important  principles.  Tlie  merit  of  Kepler's  discoveries  does 
not  seem,  however,  to  have  been  fully  appreciated  till  after  his 
death  ;  when  the  demonstrations  of  Newton  establiBhed  them  as 
infallible  laws  of  Nature,  and  procured  for  them  the  confidence 
of  llie  learned;  who  then,  were  enabled,  by  them,  to  anticipate 
the  periods  of  many  of  the  celestial  movements  which  could  only 
have  been  ascertained,  and  even  with  leas  accuracy,  by  the  slow 
process  of  actual  obsen'atioii. 

The  proportion  which  Kepler  had  discovered  between  the  dis- 
tances of  the  planets  fi^m,  and  the  times  of  their  revolutions 
about  the  sun  shewed,  sufficiently,  that  the  velocities  of  those 
bodies,  and  the  situations  of  their  orbits  in  space  were  munlained 
by  some  one  general  principle ;  and  we  find,  in  hia  Astronomia 
Nora,  that  he  considered  this  principle  as  an  attractive  power 
residing  in  the  sun,  and  exerting  an  influence  upon  the  planets 
ill  such  a  maimer  tliat  tliey  cannot  depart  from  the  centre  of  its 
action ;  he  seems  also  to  have  understood  that  a  like  power,  or 
virtue,  as  be  calls  it,  exists  iu  the  earth,  from  whence  its  influ- 
ence extends  to  the  moon.  He  observes  that  every  corporeal 
substance  would  remain  at  rest  wherever  situated,  if  beyond  the 
influence  of  a  similar  body ;  he  describes  gravity  as  an  affection 
with  which  material  bodies  are  endowed,  and  by  which  they 
tend  to  unite  themselves  together  ;  he  compares  it  to  the  mag- 
netic virtue,  and  be  appears  to  consider  that,  in  diflerent  bodies 
it  is  proi)ortional  to  their  mass,  for  he  observes  that  the  earth 
attracts  a  stone  more  than  the  latter  attracts  the  eartli :  he  adds, 
heavy  bodies  do  not  tend  to  the  centre  of  the  earth  as  that  of  the 
universe,  but  merely  as  tlmt  uf  a  body  like  themselves ;  and  he, 
from  thence  infers,  first,  that  wlicrever  the  earth  be  placed, 
heavy  bodies  will  always  descend  to  it;  and  next,  tbat  if  the 
earth  be  not  globular,  such  bodies  will  not  tend  to  its  middle 
point,  but  to  different  points  on  different  sides ;  from  which  it 
evident  that  he  must  have  considered  the  attraction  to  exist 
every  particle  of  terrestrial  matter,  and  the  line  of  direction,  to 
coincide  with  that  about  which  tlic  lateral  attractions  are,  in 
equilibrio.  He  shews  that  the  attractive  power  becomes  less  in 
proportion  as  its  distance  from  tlic  centre  of  action  increases ; 
and  he  compares  the  movements  produced  by  it,  iu  different 


J 


400  TUK    WORKS    OF  [c 

planets,  with  those  of  bodies  situated  on  the  arm  of  a  sleel  t 
at  different  distances  from    the    fulcrum  ■ ;     but   it   ; 
whether  or  not  he  was  nware  of  the  true  law  accorttin^  to  whi 
the  intensity  of  the  force  diminishes. 

As  any  power  or  virtue  supposed  to  act  in  right  lines  tc 
to  or  from  the  sun  could  not,  alone,  cause  the  planets  to  n 
about  that  luminary;  and  the  obsenalions  of  Tycho  Br&hr  « 
the  trajectories  of  cornels  haHng,  as  Kepler  remarkii,  pniira 
that  the  solid  planetary  spheres  of  the  ancients  do  not  exi^  j 
was  necessary  to  introduce  an  additioual  circumstance,  in  c 
to  give  a  reason  for  those  revolutions.  This  was  imagined  t 
Kepler  to  consist  in  a  rotation  of  the  sun  on  its  axis,  and  a  o 
tinual  emission  from  it,  of  what  lie  calls  an  immaterial  itftea 
which,  be  says,  is  analogous  to  that  of  light,  and  penetrates  tii  tl 
utmost  limits  of  the  universe;  for  the  specie!t  itself  rerolvi^ 
with  the  sun  like  a  rapid  vortex,  was  supposed  to  carry-  with  i 
in  gyration,  the  masses  of  the  planets,  and  thus,  the  latter  n 
made  to  revolve  about  the  sun  with  greater  or  less  rctw 
according  to  the  density  of  the  effluent  aperies  in  the  regions  « 
the  several  planets,  or  according  to  the  various  degrees  of  rrstil 
ance  which  it  opposed  to  tlieir  masses.  Kepler  from  ha 
concludes"  that  the  orbit  of  each  planet  must  constantly  Ue  i 
one  and  the  same  plane ;  and  that  this  is  coincident  U'ith  the  i 
rcclion  in  which  the  planet  itself  is  impelled  by  the  movement  t 
the  specie.i  emanating  from  the  sun ;  and  he  sliews  the  IkUacT  d 
the  opinion  of  Fra  Castorius  and  others,  who,  it  seems,  hu 
adopted  a  notion  of  the  ancient  Egyptians,  that  the  orbits  of  tl 
planets  had,  in  the  course  of  time,  suScred  such  displacementt 
that  the  movements  were  become  directly  couliary  to  ihoM 
which  they  originally  had.  Kepler  himself  docs  not  seem  to  t 
aware  that,  since  the  virtue  emanating  from  the  sun  can  onTv' 
revolve  on  one  axis ;  the  orbits  of  all  the  planets  ought,  nccorti- 
ing  to  his  own  hypothesis,  to  he  in  one  plane,  which  he  must 
have  known  to  be  not  the  case.  The  opinion  of  Kepler,  that* 
the  Sim  performed  a  revolution  on  his  axis,  preceded  th« 
knowledge  of  tl»e  fact,  which  was,   however,   soon  afterwards 

*  Cominaiit,  dc  Aloiibuf.  cap.  33.  '  Ibid.  cap.  U. 
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establislied  by  ihc  discovery  of  the  i^pots  on  liis  surface;  bul  he 
Bcema  to  have  errud  in  his  estimate  of  the  time  in  which  the 
revolution  should  be  performed. 

The  emanating  virtue  being  thus  supposed  to  proceed  in  right 
lines  in  the  direction  of  the  radii  of  a  spherical  surface,  an 
opinion  naturally  arose  that  its  iiilenstty,  and  consequently  its 
effect  upon  a  given  surface,  was  inversely  proportional  to  the 
square  of  the  distance  of  that  surface  from  the  centre  of  radia- 
tion: buLit  is  evident  that  Kepler  could  have  no  other  knowledge 
oftlio  effects  of  the  solar  action  than  that  which  is  exhibited  in 
the  variations  of  the  planets'  movements,  and  of  these  he 
seems  to  have  found  it  impossible  to  give  a  satisfactory  expla- 
naUon;  he  shews  that  the  aphelion  and  perhelion  velociiies  of  a 
planet  are,  nearly,  inversely  proportional  to  the  distances;  and 
ho  obscr^'es  that  these  effects  cannot  entirely  depend  upon  the 
sun,  because  a  virtue  emanating  from  thence  shoidd  follow  the 
inverse  duplicate,  or  triplicate,  instead  of  the  simple  ratio  of  the 
distances*:  again,  in  an  attempt  to  explain  the  movements  of 
the  aphelia  and  nodes  of  an  orbit,  he  offers  a  conjecture  that 
some  object  may  interpose  between  the  sun  and  planet  and  he 
the  proximate  cause  of  those  motions,  but  he,  immediately 
afterward,  allows  tliis  to  be  impossible,  because  one  and  the 
same  power  could  not  make  tlie  aphelia  move  in  direct,  and  the 
nodes,  in  retrograde  order.  To  account  for  the  variations  of  a 
planet's  movement,  in  its  passage  from  tJio  aphelion  to  the 
perhelion  point,  and  llic  contrary,  he  supposes  the  sun,  like  the 
magnet,  to  have  opposite,  or  as  he  calls  them,  friendly  and 
unfriendly,  poles ;  because  tbey  seem  to  be  endowed  with 
contrary  properties,  the  unlike  poles  attracting,  and  the  like 
poles  repelling  each  other:  thus  he  conceives  the  sun  to  attract 
the  planets  during  one  half  of  tlieir  revolution  and  repel  them 
during  the  other  half;  and  he  considers  the  same  contrariety  of 
influence  to  be  the  cause  that  the  axis  of  the  earth  always 
retains  its  parallelism,  by  which  each  pole  of  tlie  earth  is,  alter- 
nately, turned  towards,  and  from  the  sun,  during  half  its 
annual  revolution;  and  thus  the   phenomena  of  snnuner   and 
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vinter  lo  be  produced :  an  additional  power,  however,  was  supposed 
to  act  upon  the  p<des  of  the  earth  *,  which,  causing  the  axis 
cxxitiniuIlT  to  deviate  from  exact  paraDelisin,  produced  the  skw 
nrtzvgradation  of  the  eqinnoctial  points. 

But  the  idea  that  the  planets  were  carried  about  the  sun  b  a 
imuLiteriil  rortex,  did  not  pierent  KepJer  from  feeling  tbe 
mvessitT  of  giving  to  each  planet  a  particular  motive  foret 
which.  lH:4ng  combined  with  the  force  of  attraction,  would  pro- 
duce A  movement  in  a  curvilinear  direction;  just  as,  and  tbe 
ids  a  was  about  the  same  time  proposed  by  Tartalea,  the  expas- 
sive  k^rvt"  of  gunpowder  compounded  \rith  the  action  of  tenestiial 
gravity,  both  of  which  forces  act  in  rectilinear  directions  causi?»i 
ranxxHi  ball  to  describe  a  curve  through  the  air.  And  tbe 
manner  in  which  Kepl«  supposed  the  forces  to  act  is  sufficienth 
mararVst.  m>m  his  comparison  of  the  movements  of  the  planets 
to  that  of  a  beat  when  forced  across  a  river  hy  oars,  or  dram 
acr\^>s  Vv  irt ans  of  a  roj^e  made  fast  to  the  opposite  shore,  wMe 
it  is  un^xi  in  a  diffeient  din?ction  by  the  force  of  the  cuircnt^ 
Simple  motion,  he  observes,  is  essentiaDy  rectilineal,  and  is  the 
fvsiilt  of  an  impulse  which  may  be  either  external  or  inu^inal 
wiih  rvs]H*ct  to  the  moving  body :  when,  therefore,  he  adds,  we 
see  a  Kxly  moving  in  a  circle,  we  may  conclude  that,  besides 
the  attractive  power,  some  other  cause  must  be  in  operation,  to 
turn  the  boily  tK>m  its  rectilineal  path;  and,  as  this  argument  is 
applied  to  the  celestial  movements,  it  is  evident  that  a  great  step 
to  the  knowKxlge  of  the  physical  laws  of  nature  had  bei*n  gained 
since  the  time  when  a  circular  motion  was  thought  essential  to 
the  heavenly  bodies.  Kepler,  as  we  have  said,  appears  to  con- 
sider the  attractive  principle  as  immiiieriai^  and,  agreeaUv  to 
the  doctrine,  or  at  least,  to  the  language  of  Flato,  he  designates 
it  a  soul  or  an  animal  &culty;  in  those  days,  however  both 
light  and  magnetism  were  thought  to  be  immaterial,  vet  the 
laws  of  their  action  were  supposed  to  be  the  same  as  those  of 
the  action  of  material  bodies  on  each  other. 

'llie  justness  of  Kepler  s  ideas  conceraing  the  action  of  the 
attractive  foree  is  evident  from  his  remark  *  that  this  force  alone 
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would  cause  tlie  planets  to  fall  towards  tlio  sun,  and  the  moon 
towards  the  earth ;  and  that,  by  their  mutual  attractions,  iLe  last 
two  would  approach  each  other  and  meet  in  a  point  as  far  from  the 
latter  as  y^  of  their  actual  distance,  supposing  both  bodies  to  be 
of  the  same  density ;  that  is,  he  supposed  tlie  distance  of  their 
common  centre  of  gravity,  from  each,  to  be  inversely  propor- 
tional to  its  mass.  It  was  a  noccssaiy  consequence  of  the 
actions  exerted  by  the  bodies  of  the  solar  system  on  each  other, 
that  the  attractive  in''uence  of  the  moon  should  be  tlie  means  of 
raising  tides  in  the  ocean  ;  and  the  fact  is  distinctly  asserted  by 
Kepler,  who  states,  in  the  same  work,  that  the  influence  of  the 
moon  extends  to  tlie  earth  and,  by  giving  the  waters  a  tendency 
to  rise  at  the  point  wliich  has  the  moon  in  its  zenith,  causes 
them  to  flow  towards  tlic  torrid  zone ;  he  observes,  also,  that  as 
the  virtue  of  llic  moon  extends  to  the  earth,  that  of  the  earth, 
from  the  greater  magnitude  of  this  planet,  must  extend  beyond 
the  moon. 

The  sentiments  of  Kepler  concerning  the  mode  in  which  the 
principle  of  gravitation  acts,  approach  so  nearly  to  those  deliver- 
ed, subsecpiently,  by  Newton,  as  to  leave  no  doubt,  even  if  we 
had  not  the  express  acknowledgement  of  tlie  latter,  in  his  letter 
to  Dr.  Hallcy,  that  he  was  guided  by  them  to  his  own  splendid 
discoveries ;  and  this  may  be  asserted  without  disparagement  to 
tlic  merit  of  the  English  philosopher,  who,  having  demonstrated 
the  truth  of  tliose  physical  laws  which  the  German  astronomer 
can  only  be  said  to  have  enunciated,  may  be  justly  considered 
as  the  conqueror  of  a  territory  to  which  his  predecessor  had 
merely  shewn  the  way. 

Tlie  phenomena  of  the  direct  and  retrograde  movements  of 
the  planets  were  explained  by  Kepler  in  the  same  manner  as  by 
Copernicus ;  but  the  discovery  of  tlie  elliptical  orbits  rendered 
nnneccasary  the  hypotliesis  of  a  particular  centre  of  mean  mo- 
tions, aud  entirely  superseded  (lie  theory  of  epicycles ;  the  prin- 
cipal inequalities  in  the  motions  of  the  sun,  moon,  and  planets 
were  corrected  by  llie  equations  of  the  centre ;  and  tlio  otiiers, 
as  far  as  they, were  known,  by  empirical  equations  founded  oq 
data  obtained  from  observations.  Uothman  had  already  made 
an  improvement  in  that  part  of  the  system  of  Copernicus  whieli 
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to  tbe  eaose  of  tbe  pbenomma  of  the  ■enKin.'^. ' 
ing  ibe  cfHtkal  movetaenl  of  tbe  earth's  axis;  be  »^ 
tins iras  mmeoessarf,  and  that  the  same  effects  woul': 
if  the  axis  were  supposed  to  more  parallel  to  itavir  ■'. 
amiual  Fcrolmioa  abovt  tbe  film  ;  tbe  improrement  u  ■■  - 
br  Kepler,  sod  tbe  latter  has,  aito,  ibe  merit  of  brin-- 
trho  pointed  out,  what  is  indeed  a  aecessaiy  cons«qiii'i:<  - 
iheorr  of  aUraction,  that  tJhe  rariatioos  of  tbe  nio'^ii  - 
nients  were  caused  hy  tbe  aclioa  of  tbe  son  opon  btr  -,  'i»u  •-■. 
most  look  to  NetrtoQ  tor  tbe  derdopnient  of  the  effects  malt- 
ing from  ibe  motual  pertnibatioas  exercised  on  eacb  otlut  bj 
the  different  bodies  composing  tbe  soUr  s^-stem. 

Considerable  ioaccoracies,  as  might  be  expected,  occnr  in  Ik 
details  of  Kepler's  tbeoiy  of  tbe  unireise,  and  many  unfouitdBl 
fancies  disfigure  its  general  bcaiitr ;  fae  considers  the  axis  of  tbe 
son's  rotation  to  be  perpendicular  to  the  plane  uf  a  fixed,  a 
mean,  ecliptic ;  aud  he  gives  tbe  name  of  rut  rvffiti,  or  the  tvpi 
road,  to  a  great  circle  in  tbe  heavens  which  lies  in  this  pkue- 
Uc  supposed  tbe  plane  of  this  circle  to  make  a  roriable  angb 
with  the  earth's  equator,  the  least  obUquity  being  •iQ."  30',. 
the  greatest,  36°  5'  50';  and  the  interval  betweeu  tbe  prrio« 
which  either  of  these  obliquities  recurred  was  supposed  b 
36,000  years ;  the  movement  of  tbe  equinoctial  points,  ( 
tuting  the  precession,  he  supposed  to  take  place  along  tbe  cir- 
cumference  of  this  via  regia ;  and  he  thought  that  the  tnw 
ecliptic  had  a  hhratory  movemeut,  as  if  each  of  its  pules  rovuKcd 
in  a  small  circle  about  the  pole  of  the  mean  ecliptic ;  thai  ix, 
about  the  axis  of  the  sun's  rotation.  lie  makes  the  c«juator  el 
llie  sun  coincide  with  the  plane  of  the  earth's  orbit,  but  | 
reason  is  given  why  it  should  have  this  position  rather  1 
any  other ;  and  all  these  suppositions  appear  to  be,  as  Del 
bre  observes,  so  many  remains  of  ancient  prejudices  which  t 
tJic  mind  of  Kepler  could  not  overcome.  Tlirce  comets,  wfai 
aiipeared  in  1618,  engaged  the  attculiou  of  all  tlic  astrunon 
in  I'^urope,  whose  ingenuity  was  again  severely  taxed  to  fgi 
hypotheses  concerning  tlie  nature  of  this  class  of  ceJe< 
bodies :  from  the  muuncr  in  whicli  KcpIcr  cx])n-sses  himself  9 
would  appear  that  he  supposed  Uicm  to  be  generated  in  | 
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atmosphere  "  as  fishes  are  in  the  sea;"  but,  in  another  place, 
he  evidenUy  considers  tbeni  as  partaking  of  the  natnre  of  pla- 
nets, for  he  attempts,  though,  as  may  be  easily  conceived,  with- 
out success,  to  determine  the  path  of^ne,  on  the  supposition 
that  il^  motion  was  lectihnear.  In  the  conclusion  of  his  Axtro- 
nomia  Norn  he  acknowledges  the  possibility  that,  in  the  con- 
stitution of  the  universe,  the  state  of  things  may  be  very  dif- 
ferent from  that  which  he  has  supposed;  and,  willi  a  modesty 
worthy  of  a  true  philosopher,  he  desires  that  his  explanations 
may  be  admitted  only  till  some  more  sublime  and  more  fortu- 
nate genius  may  unveil  the  truth,  and  confirm  or  confute  hia 
opinions. 

The  phenomenon  known  by  the  name  of  the  zodaical  hght, 
appears  to  have  been  first  observed  by  Kepler;  who,  also,  shewed 
that  astronomical  refraction  is  an  effect  depending  wholly  on 
the  medium  through  which  the  rays  of  light  pass  before  they 
enter  the  eye  of  the  spectator ;  and  as  tJiis  medium  is  only  the 
atmosphere  of  the  earth,  he  considers,  in  opposition  to  the 
opinion  maintained  by  Tycho  Brahe,  that  the  distance  of  tlie 
celestial  body  does  not  affect  llie  value  of  refraction  at  any 
given  altitude.  It  follows  tliat  this  value,  which  he  proves  to  be 
projiortional  to  the  tangent  of  tJic  body's  zenith  distance,  will 
be  the  same  both  for  the  planets  and  fixed  stars. 

This  illustrious  astronomer,  whose  labours  have  so  mitcb 
benefited  the  science,  died  in  1630;  and  in  an  age  when  impos- 
tors professing  astrology,  and  flattering  tlie  vanity  of  the  great, 
were  honoured  and  enriched,  he  live<l  in  poverty  upon  a 
small  and  ill  paid  pension  which  had  been  asdgned  to  him  by 
the  Emperor  of  Germany. 

The  mathematicians  of  Europe  had,  before  the  end  of  the 
fifteenth  century,  pointed  out  the  errors  of  the  existing  calendar; 
they  shewed  tliat  since  tlie  days  of  Julius  C'ajsar,  by  whose  care 
it  had  been  formed,  or  rather,  since  tho  Council  of  Nice,  in  the 
year  325,  had  made  the  twenty-first  day  of  March  coincide  with 
the  arrival  of  the  sun  at  the  vernal  etjuinox,  the  limes  of  the 
oquinoxes  and  solstices  had  been  gradually  anticipating  the 
days  of  Uie  months  at  vrhieh  they  then  occurred;  they  shewed, 
also,   that,   since  the  decree  for  rcgiiloting  the  celebration  of 
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Easter  had  been  promulgated  by  the  same  Council,  the  lunar 
cycle  employed  in  computing  the  day  of  the  festival,  from  the 
erroneous  value  assigned  to  it,  had  ceased  to  determine  the 
precise  day  appointed  in  the  decree;  which  was  the  Sunday 
after  tlie  full  moon  coinciding  with,  or  next  following,  the  day 
of  the  vernal  equinox.  These  representations,  probably 
made  from  religious  motives,  and,  rather  with  a  view  to  the 
correct  determination  of  the  greatest  festival  in  the  Christin 
chiurch  than  to  any  advantage  which  astronomy  was  to  deriTc 
from  the  correction,  at  length,  in  the  last  quarter  of  the  sixteentli 
century,  occupied  the  attention  of  the  Roman  Pontiff,  Gregoir 
XIII.,  who  engaged  the  learned  men  of  his  time  to  find  out  a 
mode  of  intercalation  which  should  prevent  Hie  occurrence  of 
the  like  inconveniences  in  future:  from  their  labours  resulted 
that  reformation  of  the  calendar  which  is  now  adopted  in  all 
Christian  states. 

We  have  shewn  that  the  length  of  the  year  was,  by  Julius 
Caesar,  assumed  to  be  equal  to  365.25  days ;  while,  in  rcalitv  it 
is  only  365.242264  days;  the  difference,  which  is  equal  to 
0.007736  days,  had,  since  the  year  325,  caused  an  error  in  the 
civil  reckoning,  amounting  to  above  10  days,  so  that  tlie  day  of 
the  equinox,  which  should  have  coincided  with  March  21,  fdl 
on  the  eleventh  day  of  that  montli.  The  correction  was  easih 
made,  and  it  is  well  known  that  ten  days  were  suppressed  bj 
a  brief  issued  at  Rome  in  the  year  1582;  so  that  the  day,  before 
considered  as  the  fourth  of  October,  was  called  Uie  fifteenth; 
then,  in  order  to  keep  the  vernal  equinox,  in  future,  to  tlie  21rt 
of  March,  it  was  regulated  that  tlie  intercalated  day  which, 
according  to  the  Julian  calendar,  enters  in  every  fourth  rctt 
should  be  omitted  in  every  year  forming  a  comi>lete  huudicd 
except  in  those  years  which  constitute  complete  tliousands, 
when  it  was  to  be  retained.  The  length  of  the  tropical  vear, 
according  to  the  value  implied  in  tlie  Gregorian  calendar  as  it 
is  called,  is  equal  to  365.2425  days;  which  is  less  tlian  its  tnic 
value,  as  above  stated,  by  0.000236 day;  and  this  in  4:>40  yeare 
will  produce  an  error  of  one  day;  but,  as  La  Place  observes*,  if 
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a  bissextile  were  suppressed  cvei'y  4000  years,  llie  difference 
would  be  only  0.000014  day,  and  this  would  fall  within  th'e 
limits  of  tbc  ciTors  which  may  exist  in  the  delcnuiiialjon  of  (lie 
length  of  the  year. 

The  Council  of  Nice,  by  supposing  the  exactness  of  tlie 
Metonic  cycle,  io  wliich  19  solar  tropical  years  were  considered 
equal  to  235  lunations,  or  Byuodical  revolutions  of  the  inoon, 
must,  consequently,  have  supposed  one  lunation  to  be  equal 
to  ^  of  a  solar  year;  and  the  lunar  year,  or  twelve  such  luna- 
tions, to  be  equal  to  ^  of  the  former  year;  ttie  difference 
between  the  two  is  ^  of  the  solar  year,  which,  as  they  consi- 
dered tile  latter  lo  contain  305^  days  exactly,  would  be  etjual 
to  10.8798  days,  or  nearly  11  days:  hence,  the  epact,  as  it  was 
called,  or  the  moon's  age  at  tliecnd  of  any  given  year  being  known, 
it  would  be  easy  to  ascertain  that  of  any  subsequent  year,  by 
the  continual  addition  of  11  days  to  the  original  epact:  thus,  if 
a  full  moon  should  lake  place  on  the  last  day  of  any  year,  the 
epact  for  the  next  year  woidd  be  0;  of  the  second  following 
year,  11;  of  the  ihird,  22;  and  of  the  fourth  3,  tliirty  days 
being  rejected:  the  epact  for  the  succeeding  years  would  be, 
respectively,  14,  25,  7;  rejecting  twenty -nine  days  from  the  last; 
and  so  on,  rejecting  alternately,  30  days  and  2t)  days,  because 
the  lunation  was  supposed  to  be  equal  to  20^  days,  and  taking 
care  to  increase  the  epact  by  unity  in  each  bissextile  year.  The 
erro^  arising  from  tlie  excess  of  the  solar,  above  the  lunar  year 
not  being  exactly  1 1  days,  was  corrected,  at  the  end  of  every 
lunar  cycle,  on  the  supposition  that  the  cycle  was  correct,  by 
making  the  epact  the  same  as  lliat  of  tlie  nineteenth  precedent 
year.  But  nineteen  solar  years  are  equal  to  t)039.60301G  days, 
and  235  lunations  are  equal  to  (!U30.(>8815(!5  days:  llie  differ- 
ence between  these  periods  is  0.08514  day,  which  renders  the 
Metonic  cycle  erroneous  to  tlie  amount  of  one  day  in  about  222 
years;  consequently,  to  the  amount  of  above  6  days  in  llie  time 
elapsed  since  the  regulation  was  established;  and  the  computed 
day  of  the  Pascboll  full  moon,  in  the  sixteentii  century,  neces- 
sarily differed  just  as  much  from  the  true  day.  In  order,  there- 
fore, to  keep  tliis  full  moon  to  its  place  in  tbe  calendar  it  was 
necessary  to  allow  the  above  rule  for  the  epacts,  wbtch  was 
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before  perpetual^  to  hold  good  only  for  one  hundred  years; 
then^  on  account  of  the  omission  of  the  bissextile  in  every 
hundredth  year  except  that  which  is  a  complete  thousand,  the 
epact  at  the  end  of  every  century  except  the  tenth,  was  to  be 
diminished  by  one  day ;  and,  again,  on  account  of  the  anticipa- 
tion above  mentioned,  the  epact  was  to  be  increased,  at  the  end 
of  every  two  hundred  years,  by  the  same  quantity.  Tables 
were  computed  on  this  system  by  Luilius  of  Verona,  and  were 
employed  for  the  purpose  of  determining  the  time  of  Easter,  till 
they  were  superseded  by  the  ephemerides ;  in  these,  the  times 
at  which  the  phases  of  the  moon,  as  well  as  the  other  pheno- 
mena of  the  heavens,  will  occur,  are  given  with  superior  accuracy 
by  means  of  computations  from  the  general  tables  of  the  celestial 
movements,  which  have,  since  those  days,  been  brought  to  vast 
perfection. 
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CHAPTER  XIS. 

THE    FIRST  TELESCOPIC    DISCOVERIES    IN    THE    UEAVEKS. 

The  Curdpositian  of  fin-oeo  iavetEigntod  by  Oalileo TcleKKpic  ditoorerie* 

orthu  phihisopher. — The  prsclice  uf  nolifj-ing  discoveriea  in  aiiagraing 

Pemecutlon  of  Galileo  by  the  Iinlian  clergy.— The  syitem  of  Tycho  Bralie 
ilill  luiiporteil  by  some  Mlnmomen. — Method  of  deienniulng  tlie  dintnnces 
■nit  magnitudes  of  the  pluieti.— Syitem  of  Bultialdiis. —  It»  Tuiprovemeiit 
by  Wiini.— Tr«nit  of  Venm  oLwrved  by  Horror.— Soeplicism  of  DescarlM 
in  philosophy.—  Hit  hypntheiii  that  the  phuieii  rcTolre  in  vortices— Weak. 
neu  of  the  theory.— Foniu  of  orbits  proposed  by  Cnsaini  and  La  Hire. — 
OiKoveriM  of  Huygem  aud  Mnraldi  on  Saturn's  ring. — Ditcoveriea  of  Cm. 
■ini  on  the  rotations  of  the  planets. — Changes  in  the  positions  of  the  aphelia 
and  nodes  of  planets.— VnriatioDS  in  (he  mean  motions  of  Jnpiier  and 
Samm. 

An  important  change  was  now  to  take  place  in  the  philosojtby 
of  nature  in  consequence  of  the  discovery,  mnde  by  Galileo,  of 
tlic  laws  by  which  material  bodies  act  mechanically  on  each 
oilier.  To  this  great  mathematician  we  are  indebted  for  the 
tht'ory  of  the  composition  of  forces,  by  which  is  delcmiined 
the  resultant,  or  equivalent,  of  forces  acting  upon  bodies  in  the 
same  or  different  directions ;  to  him,  also,  we  owe  the  investi- 
gation of  the  spaces  described,  the  times  of  description,  and  the 
acquired  velocities  of  bodies  moving  by  instantaneous  impulses 
or  by  tJie  continued  action  of  impelling  forces ;  and  tlie  applica- 
tion of  the  theory,  to  bodies  falling  towards  the  earth  by  tliat  at- 
tractive power  with  which  our  planet  was  known  to  be  eudoivcd. 
By  him,  also,  was  discovered  the  isochronous  motion  of  pen- 
dulums, which  has  since  been  of  so  much  importance  in  tlie 
construction  of  machines  for  measuring  time. 

The  knowledge  man  had  acquired  of  the  visible  heavens,  also 
received  many  important  accessions  from  tiie  discoveries  which 
Galileo  was  enabled  to  moke  by  means  of  the  telescope,  Uien 
recently  invented.     Except  the  suu  and  moou,  not  ouc  of  Uk- 
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celestial  bodies  had  hitherto  been  observed  to  have  aov  visilde 
fonn  ur  magnitude  ;  and  it  was  to  the  eye  of  reason  alone  thai 
those  appeared  to  be  anv  thing  bat  plane  sorfiures :  the  fixed 
stars  and  planets  were,  alike,  known  only  as  liuninons  and  nn- 
defined  points :  but,  now,  the  ^dew  of  the  heavens  began  to  ex- 
cite a  new  interest ;  by  the  telescope  the  planets  were  found  to 
have  certain  magnitudes,  and  some  of  theniy  to  undergo  varia- 
tions of  form,  while  the  fixed  stars  appeared  unchanged,  or  odIj 
shorn  of  the  radiance  with  which  they  seem  to  be  smrounded 
when  seen  bv  the  naked  eve :  and  hence  it  became  obvious  that 
the  former  must  constitute  a  distinct  groupe  of  bodies  infinitdj 
nearer  the  earth  than  the  others.  The  sun,  firom  the  spots  ob- 
served on  his  surface,  was  found  to  revolve  on  its  axis  and,  con- 
sequendy,  was  ascertained  to  be  globular ;  and  the  light  and 
dark  spaces  on  the  moon  were  distinctly  perceived  to  be  moun- 
tains and  valleys  nearly  resembling  those  features  on  the  surface 
of  the  earth. 

That  an  instrument  should  have  been  invented  by  which  ob- 
jects, even  in  the  remotest  depths  of  space,  are  rendered  accessible 
to  human  vision ;  and  by  which  terrestrial  ol]jects,  faintly  vi- 
sible in  the  distance,  are  brought,  as  it  were,  close  to  the  eye, 
must  have  at  one  time  appeared  miraculous ;  but  such  were  the 
effects  produced  by  the  telescope;  a  tube  containing  a  system  of 
glass  lenses,  in  passing  through  which,  the  rays  of  light  coming 
from  an  object  arc  turned  from  their  prerious  directions  and  made 
to  converge  towards  the  axis,  so  that  the  rays  proceeding  firom 
op]>osite  sides  of  tlie  object,  and  entering  the  eye,  form  there  an 
angle  many  times  greater  than  that  caused  merely  by  the  refirac- 
tive  powers  of  the  eye  itself,  while  the  interference  of  rays 
coming  from  surrounding  objects  is  almost  wholly  prevented ; 
thus  is  produced  an  augmentation  of  the  visible  magnitude  of 
an  object  with  as  small  a  diminution  as  possible  of  its  brilUancy, 
and  tliereby  may  be  obtained  a  view  of  the  parts  of  its  surface 
which  woidd  be  insensible  to  the  unassisted  sight ;  the  object 
being  seen  in  the  telescope  just  as  it  would  appear  to  a  spec- 
tator without  one,  if  situated  as  much  nearer,  as  the  power  of 
tlie  telescope  exceeds  tliat  of  the  natural  eye.  This  instrument, 
in  tlic  hands  of  Galileo,  was  tlie  means  of  making,  more  disco- 
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veries  in  the  heavens  than  had  been  made  during  three  thou- 
sand years  previously;  and  it  may  be  added,  if  we  consider  Uieir 
importance,  more  than  have  been  made  since  the  days  of  that 
philosopher.  lie  relates,  in  ihe  Stdereua  Nunciut,  that,  in  the 
year  1610,  he  discovered  the  four  moons  or  satellites  of  Jupiter, 
and  observed,  also,  that  these  revolve  about  that  planet  as  our 
moon  revolves  about  the  earth :  a  circumstance  which  afforded, 
by  analogy,  an  argument  in  favour  of  the  earth's  motion  about 
the  sun;  since  Jupiter,  a  planet  knonn  to  have  a  similar  mo- 
lion,  was  found  to  be  attended  by  secondary  planets  which,  it 
was  easily  perceived,  would  reflect  the  sun's  light  on  the  pri-' 
luary  planet  as  the  moon  reflects  it  on  the  eartli.  About  the 
same  time,  as  we  learn  from  his  letters  at  Uic  end  of  the  work 
above  mentioned,  Galileo  observed  that  Saturn  presented  a 
remarkable  appearance;  at  first  it  was  thought  to  be  accom- 
panied by  two  smaller  planets,  one  on  each  side,  and  the  dis- 
covery was  BO  aimoimced ;  but,  when  telescopes  were  constructed 
with  superior  magnifying  powers,  what  appeared  to  be  secoudary 
planets  were  found  to  be  portions  of  a  vast  anniilus  which  sur- 
rounds Saturn  without  any  where  touching  his  surlace;  and 
Uiis  circumstance,  also,  contributed,  though  indirectly,  to  dimi- 
uir^h  the  confidence  hitlierto  placed  in  the  ancient  systems  of 
astronomy,  by  shcwuig  that  there  was  yet  much  to  learn  con 
ceraing  the  planets,  imd  that,  to  obiain  a  correct  kuowledge  o 
the  universe,  there  would  be  required  a  more  attentive  study  of 
their  visible  phenomena.  Soon  atlcrwards,  the  telescope  r 
ve&led  to  the  assiduous  Florentine  that  Venus  had  phases  sin 
lar  to  those  of  the  moon ;  ibat,  when  near  the  sun,  she  w 
seen  eitlier  in  the  crescent  form  or  witli  a  round  orb,  and  when 
at  her  greatest  elongations,  her  disc  appeared  to  be  semicircu- 
lar ;  and  it  was  observed  that  licr  change  of  form  took  place 
exactly  in  that  insensible  manner  by  which  the  face  of  the  moon 
increases  and  diminislies :  the  agreement  of  these  phenomena 
wHlh  those  which  would  be  ]>reseuted  by  a  globular  body  re- 
volving about,  and  receiving  its  light  fi-om  another  body  placed 
at  the  centre  of  motion,  rendered  it  impossible  to  doubt  tliat 
Venus  revolved,  periodically,  about  the  sun,  and  that  she  was, 
like  die  moon,  an  opaque  and  globular  moss ;  it  was  ulso  cvi- 


<Ii 


T  thxn  the  distance  of  ll 


dent  Uiat  licT  orint  was  ll 

earth  (Ttim  the  nm.     Br  analogy  it  w»s  inimediatHT  coodn 

tbal  MercarT.  wbose  phenomciu  h>  neartr  resemble  1 

Venus,  revoJTed  aboat  tlu;  sun  in  au  orbit  less   extensi 

that  of  VeDus ;  and  the  opinion  was,  afiemrds,  coo&naed  bf 

the  discoTety  of  bis  {biases  when  instnimeots  of  greater  pomr 

tvinc  brought  into  use. 

Thus  the  telescope  came  to  coufirm  the  hypotheses  of  C 
nicDs  and  Kepler  coDceining  the  disposilioiis  of  the  bodies  c 
po§ing  the  solar  system  ;  but  a  conviction  of  the  truth  of  t 
Lypothescs  was  not,  at  first,  imiveisally  felt :  there  w^re  i 
some  persons  who  preferred  the  darkness  of  error  to  the  hghl  a 
truth,  and  who  refused  to  look  through  a  telescope  le«t  their  re- 
pose should  be  disturbed  by  llie  sight  of  any  phenomeita  vhi<:li 
might  militate  against  Uie  doctrines  they  bad  been  accustomed 
to  consider  as  incontrovertible :  subsequently,  when  it  was  no 
longer  possible  to  escape  the  conviction  that  the  system  of  Aiis- 
tfitlc  was  at  variance  with  that  of  nature,  there  were  persons 
whose  jealousy  of  the  new  school  of  philosophy  led  them  lo 
charge  its  disciples  with  having  borrowed  from  (he  Stxgt-rile  the 
principle  of  tlie  telescope ;  though  the  only  circumstance  he  haa 
related,  which  could  be  construed  into  a  designation  of  such  an 
instrunicot,  is  that  tlie  stars  might  be  seen  in  the  day-time  b^  i 
looking  through  a  long  tube,  or  by  descending  into  a  deep  vrtSL  I 

Tlie  Jesuit  Scbeiner  is  supposed  to  have  been  the  first  who  I 
obsened  with  a  telescope  that  tlie  disc  of  tlie  sun  was  occasion- 
idly  diversified  mtb  dark  spots,  and  he  appears,  with  several  J 
other  aslronomers  his  contemporaries,  to  have  entertained  tb«  J 
very  natural  opinion  that  tlicy  were  planets :  Galileo  howevei 
nearly  at  the  same  time,  perceiving  that  they  were  of  irregi 
fonriM,  Uiat  the  periods  of  their  apparent  passages  across  the  s 
were  nearly  equal,  and  that  they  appeared  larger  when  near  the 
centre  of  his  disc  than  when  near  either  margin,  concluded  that 
(hey  adhered  to  tlie  surface  of  that  liuninary,  and  that  their- ■ 
movements  were  caused  by  its  revolution  about  an  axis ;  a  cir>f 
ciimstance  which  not  only  proved  the  globular  figure  of  the  sui 
but  alTordcd  a  probability,  from  analogy,  of  a  like  movement  ia'1 
tlic  uurlh  aud  tlie  other  planets;  and  when,  in  16^8,  Fontana] 
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had  obsen'ed  tlie  sprits  on  Mars,  from  llie  movementa  of  which 
the  revohiUon  of  that  plaiicl  on  its  axis  was  diBcovcred,  addi- 
tional evidence  was  afforded  that  the  motions  of  the  earth  and 
planets  were,  in  everj'  respect,  similar.  In  the  last  place,  besides 
the  lofty  ridges  casting  their  shadows  upon  the  plains  and  into 
the  deep  cavities  of  the  moon,  he  observed  that,  about  the  edge 
between  the  light  and  dark  hemispheres,  were  luminous  points 
seemingly,  at  first,  detached  from  her  surface,  but  gradually  in- 
creasing in  magnitude  till  they  became  connected  with  it;  and 
it  was  obvious  thai  such  appearances  could  only  be  accounted 
for  by  supposing  the  points  to  be  tlie  summits  of  mountains 
which  received  the  solar  rays  bt-foro  the  valleys  were  enlightened; 
hence  it  became  impossible  to  doubt  that  the  moon  was  of  the  same 
nature  as  the  earlli. 

It  was  a  custom  prevalent  in  the  times  of  which  we  are  speak- 
ing for  a  pers<m  who  had  made  any  discovery  in  philosophy, 
cither  to  conceal  it  entirely  from  the  rest  of  mankind,  or  to  pub- 
lish a  notice  of  it  in  some  anagram  which  could  only  be  deci- 
phered by  himself  or  by  some  one  to  whom  he  might  communi- 
cate the  key  :  and  in  tliis  manner  Galileo  disguised  his  discovery 
of  the  phases  of  Venus  and  of  Saturn's  ring.  The  affectation  of 
concealing  the  discoveries  made  in  nature  and  science  prevailed 
universally,  also,  among  the  ancients.  The  Egyptian  priests,  the 
Greek  philosophers  and  the  Druids  of  the  North  would  suffer  no 
person  to  enter  their  societies  except  the  chosen  few  who  were 
regularly  initiated ;  to  such  the  doctrines  they  maintained  were 
divulged,  while  the  instructions  given  to  the  bulk  of  tlie  people 
were  obscurely  communicated  in  symbolical  language.  Their 
pride  and  vanity  were,  probably,  gratified  by  the  reverence  with 
wliich  they  were  regarde<l  by  those  who  believed  they  were  in 
possession  of  knowledge  beyond  the  attainment  of  the  rest  of 
mankind ;  or  they  might  fear  that  some  of  their  doctrines,  if 
openly  taught,  would  shock  the  prejudices  of  the  people  and  ex- 
pose them  to  persecution :  but  the  very  mystery  they  afiected 
appears  to  have  occanionally  exposed  them  to  suspicion,  and 
the  obscurity  of  the  language  in  which  their  public  commnnJca- 
lions  were  made  is,  no  doubt,  the  cause  that  so  many  absurd 
opinions  in  philosophy  have  been  attributed  to  them. 
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The  obscure  iiitimalion  contained  hi  tlie  anagram,  by  whi 
liHowledge  is  ivitlihcld  wliilo  it  seems  to  be  imparted,  was  in- 
ttndcd  to  secure  the  means  of  proving  a  priority  of  claim  lo  the 
honour  of  a  discoverj',  if  it  should  happen  tliat  another  jxTSon, 
subsequently,  advanced  any  pretensions  to  it,  lu  llie  ]ireK'Ol 
age,  fortunately,  the  discoverer  of  a  new  fact  in  scienco  finds 
tliat  he  promotes  his  own  reputation  most,  by  immediately  mak- 
ing public  his  successful  efforts  to  improve  the  inlellectual  con- 
dition of  man ;  to  this  we  owe,  in  a  great  measure,  Ihe  rapid  pro- 
gress of  discoveiy  within  the  last  centurj',  and  the  uiaiiy  illustri- 
ous names  which  adorn  the  annals  of  modem  philosophy.  It  is 
wortliy  of  remark  that  the  selfishness  which  prompted  ihe  Iritni- 
cd  of  former  times  to  conceal  their  actiuirementa  vas,  oAen. 
its  own  punishment;  for  two,  or  more,  persons  cominonlv  inaile 
the  same  discovery  nearly  at  tlio  same  time,  so  tliat  it  became 
impossible  to  decide  to  which  of  them  really  belonged  ihr 
honour  of  being  the  first  in  the  race ;  and  it  fi'equently  happened, 
tliat  the  palm  was  awarded  to  one  who  was,  merely,  hnowD  as 
having  been  the  first  who  introduced  tlie  fact  to  public  notice. 

The  pride  or  indiscretion  of  Galileo,  rather  than  liia  adoption 
of  the  Copemican  system,  excited  the  enmity  of  the  pcctosiaatics 
of  Italy  who,  twice,  avaUed  themselves  of  his  philosophical 
opinions  to  cite  him  before  the  Inquisition.  The  work  wbicb 
was  the  ostensible  cause  of  this  jiersecution  was  a  dialogic  be- 
tween a  peripatetic  and  a  supporter  of  the  hypothesis  of  Coper- 
nicus, then  considered  as  a  heresy ;  in  which,  as  may  easily  be 
imaged,  tiie  advantage  was  made  to  rest  with  the  latter :  atid 
at  the  second  investigation,  when  he  was  seventy  years  of  age, 
in  order  to  save  his  life,  he  was  forced  to  abjure,  as  contrarj-  to 
Uie  doctrines  professed  by  the  church,  the  dogma  of  tlie  motion 
of  the  earth :  the  recantation,  it  must  be  owned,  waa  as  Httlo 
honourable  to  him  thai  made  it,  as  to  tJio  members  of  the  tri- 
bmial,  and  to  the  influential  men  of  tlie  coimtry,  who,  from 
ignorance  or  malice,  compelled  tlie  aged  pliilosopher  to  take  llini 
humiliating  step. 

Notwithstanding  the  light  thrown  on  the  system  nf  the  ani- 
Tcrse  by  the  investigations  of  Kepler  and  tlie  obsen-ations  of 
Galileo ;  and  though  the  hypotlicses  of  I*tolGmy  were  lailinj;  by 
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llic  evidences  every  diiy  rising  against  them ;  so  tenaciously 
tlocs  the  iiiiud  Uold  Uie  opinions  which  antiquity  has  conse- 
crated; so  painful  is  it  to  unlcani  what  it  has  cost  much  time 
and  labour  to  acquire,  and  so  mortifying  to  receive  a  new  truth 
from  the  hand  of  a  con  temp  oraTy,  that  many  years  elapsed  be- 
fore the  ancient  doctrines  concerning  tlic  planetary  orbits  were 
wholly  abandoned,  and  there  were  still  many  persons  who  en- 
deavoured to  modify  them  so  as  to  maltc  them  agree  with  tlie 
observed  phenomena  of  the  heavens.  One  of  these  was  the 
Danish  astronomer  Longomon tonus,  wholiad  been  a  disciple  of 
Tycho  Uralic  but  who  lived  in  the  days  of  Kepler  and  Galileo ; 
and,  ettlier  from  attachment  to  tlic  sentiments  of  his  master,  or 
respect  to  the  letter  of  tlie  Scriptures,  he  refused  to  admit  the 
annual  movement  of  the  earth.  InstAisible  to  tlie  arguments 
drawn  from  the  discoveries  wliich  were  doily  making  in  the 
lieavens,  he  persisted  in  supposing  the  orbits  of  llie  planets  to  bo 
circular,  and  ho  placed  epicycle  upon  epicycle  to  account  for  the 
irregularities  of  their  movements.  In  his  Anlronomia  Danica, 
he  sets  out  with  the  old  doctrine  that  circular  motions  are  essen- 
tial to  the  heavenly  bodies,  but  he  admits  that  the  planetary 
orbits  are  not  material ;  lie  appears,  besides,  to  have  so  far" 
caught  tlie  spirit  of  his  age  as  to  rise  superior  to  the  notion 
lliat  Uio  celestial  sphere  turned  daily  about  the  eartli,  and  he 
justly  ascribes  that  apparent  revolution  So  a  contrary  movement 
of  the  latter,  on  its  axis. 

Vindelinns,  iu  Holland,  about  the  year  1C40,  mmntained  that 
tlic  moon's  orbit  was  circular,  but  he  rejected  the  epicycles ;  and, 
iu  order  to  account  for  the  larialions  of  her  velocity,  he  had  re- 
course to  tlie  supposition  diat  she  was  endowed  with  a  Ubratory 
motion,  in  her  orbit,  which,  combined  with  the  general  direct 
movement,  produced  tlic  acceleration  and  rclardalion  alternately 
observed.  To  these  we  may  add  the  Jesuit  Ricciolus  who,  in 
his  Altnagestnm  Sorum,  has  given  an  interesting  description  of 
the  systems  of  the  ancient  astronomers  and  who,  to  remedy  their 
defects,  proposes  to  make  Mercury,  Venus,  and  Mars  revolve 
about  tlie  sun ;  Jupiter,  Salum,  and  the  sun  accompanied  by 
the  three  fonncr  planets,  revolve  about  the  earth.  Jupiter 
and  Saturn  having  satellites,    he  considetB  them    as  primaiy 
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planets ;  and  tbe  otbers  baring  none,  be  considers  them  on]/  a^H 
satellites  of  tlie  sod.    This  strange  mixture  of  the  sysletns  tj^f 
Copemicits  and  Tjcho  Brahc  seems  to  have  been  contrive^  i^ 
as  Delambrc  obserres,  in  eonipliauce  with  the  prejudices  of  the 
church,  in  that  age,  against  the  motion  of  the  earlli ;  for,  while 

({oetendiogtoshcH'lhelalatf  of  the  fbimer,  he  expresses  hinuelf 
.  waimly  in  its  iaronr. 
Astronomy  owes  to  the  \'indelinus  above  mendoned  a  great 
step  towards  the  detenuinalion  of  the  extent  of  the  solar  system  ; 
adopting  tJie  method  originally  proposed  by  Aiistarchus  fur 
computing  the  distance  of  tbe  sun  from  the  eartb  ;  and  availing 
himself  of  tbe  aid  of  the  telescope,  and  of  iustniments  for  taking 
angles,  better  graduated  than  formerly,  he  ascertained  with  pre- 
cision the  spots  situated  in  that  diameter  of  the  moon  which  is 
perpendicular  to  tbe  cchptic  ;  and,  probably,  making  choice 
of  limes,  for  the  observations,  when  the  moon  is  near  her 
nodes,  and  consequently,  near  the  ecliptic,  he  measured  tbo 
distance  between  the  centres  of  the  sun  and  moon  when  iHc 
latter  was  dichotomised,  which  he  could  ascertain  with  U^erablv 
precision  by  obsenring  when  the  Une  separating  tbe  enligliti'Dod 
and  dark  hemispheres  passed  through  those  spots ;  and  repeat- 
ing tlie  obserratious  when  the  moon  was  on  opposite  sides  of 
tite  sun,  in  order  to  correct  the  error  arising  from  tlie  probalJc 
refraction  of  light  in  the  supposed  atmosphere  of  the  moon  ;  he 
found,  after  all  the  neccssarj-  corrections  were  made,  that  iImj 
elongation  of  the  moon  from  the  sun  was  equal  to  89'  -15',  and, 
conaequendy,  lliat  the  angle  subtended  at  the  sun,  by  a  lino 
joining  the  earth  and  moon,  was  15  minutes  i  hence  it  was  e»sy 
to  determine  that  the  distance  of  the  sun  from  the  eartli  was 
ecjual  to  137d2  semi  diameters  of  the  latter  ;  this  is,  still,  much 
too  small  a  quantity,  yet  it  was  an  approximation  to  the  trutli 
superior  to  any  tliat  had  been  before  made;  and,  probably,  as 
near  it  as  an  observation  of  that  kind  would  permit.  About  iha 
same  time  Hortensius,  anoUier  Dutch  aslrononier,  devised 
ingenious  method  of  measuring  tlie  angidor  diameters  of 
celcHtial  bodies,  which  deserves  to  be  mentioned ;  he  recoivi 
successively,  the  images  of  the  sun,  moon,  and  planets, 
ilark  room,  on  a  screen  placed  in  the  focus  of  the  tclesco]>e  ; 
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by  comparison,  the  dinmoters  of  the  sun  ami  moon  heing  other- 
Minu  kuowu,  he  deduced  the  values  of  the  diameters  of  the 
pliuiels  very  near  the  truth ;  and  thus  the  absolute  magni- 
tudes of  the  bodies  composing  the  solar  system  became  nearly 
known. 

The  strongholds  of  error  are  not  given  up  till  after  many 
slniggles ;  therefore  it  is  not  surprising  lliat,  amoug  those  per- 
sona whom  the  force  of  reason  had  compelled  to  abandon  Uie 
falling  systems  of  Ptolemy  and  Tycho  Bralie,  there  should  be 
some  who  endeavoured  to  reconcile  the  elliptical  theory  of 
Kepler  with  the  old  and  favourite  hypoUiesis  of  uniform  and 
circular  motions.  It  nas  no  longer  possible  to  doubt  tlie  exist- 
ence of  an  attractive  principle  in  the  sun  and  earth ;  nor  could  it 
be  denied,  fix»m  the  differences  in  the  mean  velocities  of  the 
different  planets,  tJiat  the  force  of  the  attraction  was  leas,  in 
those  which  are  more  remote  from  the  sun ;  and  there  were  even 
some  perbons  who  admitted,  from  a  reasonable  opinion  that  it 
was  a  virtue  diffused  spherically  every  where  from  a  centre,  that 
its  intensity  must  be  inversely  proportional  to  the  square  of  the 
distance  of  the  attracted,  from  the  attracting  bodj-:  yet  tha 
variations  in  the  movement  of  each  planet  being  indicative  of 
corresponding  variations  in  the  attractive  force  of  the  sun  upon 
the  planet ;  and  this  being  thought  inconsistent  with  the  imagined 
simplicity  of  nature's  operations,  it  was  attempted  to  shew  that 
the  variations  of  motion  were  due  to  the  position  of  the  orbit, 
and  that,  for  each  planet,  there  existed  a  plane  in  which  the 
attractive  force  acted  H-ilh  uuiform  intensity,  and  in  which,  con- 
sequently, the  angular  velocities  were  proportional  to  the  times 
of  motion.  This  was  exactly  the  object  of  a  syntem  proposed 
about  the  middle  of  the  seventeenlli  century,  by  Albert  Curtius 
in  Gcnnaiiy  and  Bulhaldus  in  France ;  the  tatter  astronomer, 
seized,  like  many  other  persons  of  his  day,  uilh  the  mania  of 
seeking  the  causes  of  planetary  motion,  instead  of  applying 
himself  to  the  task  of  ascertaining  those  motions  by  observation, 
supposed  that,  at  tlie  creation  of  the  earth,  the  Deity  projected  it 
from  the  vertex  of  an  upright  cone,  and  caused  it  to  descend, 
M  ilh  a  spiral  movement,  down  its  surface  till  it  arrived  at  the 
shortest  distance  from  the  sun,  from  whence,  being  destined  to 
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revolve  perpetually  about  that  luminarj,  it  was  obliged  to  le- 
ascend,  and  thus  it  describes  an  elliptical  corre :  a  simQar  thcoij 
IS  proposed  for  each  planet,  which  is  supposed  to  revolve  upon 
the  -surface  of  its  peculiar  cone. 

One  of  the  foci  of  the  ellipse  belonging  to  each  planet  is  sap- 
posed  to  be  in  the  axis ;  and  if  the  orbit  be  prcgected  ortho- 
graphically  on  the  plane  of  the  base  of  the  cone,  the  areas 
between  the  radii  vectores  in  the  eUipse  being  proportioiial  to 
the  times  of  describing  the  included  arcs  of  the  peripherr,  the 
areas  and,  consequently,  the  angles  between  the  projected  radii 
in  the  circular  base,  will  also  be  proportional  to  the  times ;  hence, 
whatever  be  the  movement  of  the  planet  in  the  ellipse,  the  cor- 
responding angular  movements  about  the  centre  of  the  base  wiD 
be  uniform. 

Guided  by  this  property  of  the  conic  sections,  BulUaldus  was 
led  to  imagine  that  the  two  foci  of  the  elhptical  orbit  of  each 
planet  were,  respectively,  the  centres  of  uniform  and  of  variable 
motions,  the  lower  focus,  which  is  the  centre  of  variable  motion, 
being  occupied  by  the  sun,  as  in  the  theory  of  Kepler.  A  like 
system  was  8U])posed  to  serve  for  the  orbits  of  the  earth  and  of 
aU  the  planets,  but,  in  the  lunar  orbit,  the  following  modification 
was  found  necessary.  The  earth  was  supposed  to  describe,  about 
the  lower  focus  of  the  moon's  elliptical  orbit,  the  circumference 
of  a  circle,  by  which  its  distance  from  the  upper  focus,  and  from 
the  centre  of  the  ellipse,  was  variable ;  then,  when  the  earth 
was,  by  this  revolution,  brought  nearest  to  the  apogeum  of  the 
orbit,  the  variation  thereby  produced  in  the  angular  vdocity  of 
the  moon  constituted  the  first  inequality,  or  that  which  was 
found  by  Uipparchus  to  take  place  at  the  times  of  the  sjzygries; 
and  when  at  the  oi)posite  extremity  of  the  same  diameter  of  the 
circle,  being  then  at  tlie  greatest  distance  firom  the  apogeum, 
tlio  variation  of  velocity  was  equal  to  the  sum  of  the  first  and 
second  variations  in  the  theory  of  Ptolemy.  This  movement  of 
the  earth  was  supposed  to  produce  a  corresponding  movement 
of  the  whole  cone,  by  which  the  ix)sition  of  the  moon^s  orbit  in 
space  would  be  changed ;  and  it  was  from  such  displacement  of 
the  cone  and  orbit  that  Bullialdus  gave  the  name  of  evection  to 
ttiat  variation  of  the  moon's  motion  which  takes  place  when  the 
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major  axis  is  in  quadrature,  and  which,  from  the  time  of  Ptolemy 
who  discovered  it,  had  been  denominated  the  second  inequality. 
DullialiluG,  also,  gave  to  the  major  axis  of  the  lunar  orbit  a 
inovpmeiit  parallel  to  itself,  and  extending  to  s  small  distance 
on  each  side  of  Oie  centre  of  the  earth,  in  order  to  exiiibit  the 
cause  of  the  moon's  annual  equation ;  whii-h,  in  the  theory  of 
Tycho  Brahe,  was  explained  by  a  supixtsed  libraloiy  motion 
performed  by  tlie  centre  of  the  moon's  epicycle. 

The  two  foci  of  a  planet's  orbit  may  be  considered  as  cor- 
responding nith  the  centres  of  the  earth,  and  of  the  planet's 
uniform  angular  motion,  in  the  Ptolemean  system ;  the  angles  of 
the  planet's  mean  longitude,  in  the  hypothesis  of  Bullialdus, 
having  the  upper  focus  for  iheir  vertex,  while  those  of  the  true 
longitude  are  reckoned  about  the  lower  focus,  or  the  place  of 
the  sun  :  an  ingenious  disposition  which,  if  it  could  have  been 
made  to  represent  the  results  of  the  planet's  observed  movements 
in  other  respects,  would  have  possessed  tlie  advantage  of  per- 
mitting that  which  is  called  Kepler!s  theorem,  and  which,  in  the 
system  of  that  astronomer,  is  of  a  transcend eutal  nature,  to  be 
solved  by  the  elementary  geometiy. 

llie  planetary  system  of  Bullialdus,  which  be  has  described 
in  his  Anlronotnia  Philolaicii,w&H  adopted  and  simplified  by  his 
contemporary  Seth  Ward,  Savilian  professor  of  astronomy  at 
Oxford ;  and  the  vnld  fancy,  that  tlie  enrtb  and  planets  had, 
once,  moved  spirally  down  the  surface  of  a  cone  being  abandoned, 
the  system  which,  in  its  improved  state,  was  distinguished  from 
that  of  Kepler  by  the  denomination  of  tlie  simple  elliptical 
hy]iotliesis,  enjoyed  fur  some  time  a  certain  reputation. 

Among  the  disciples  of  Bullialdus  may  lie  reckoned  Horrox 
of  Liverpool,  an  a.stronomer  of  great  talent,  anil  whose  death,  at 
an  early  age,  was  regretted  by  every  friend  of  science ;  he  pro- 
posed an  improvement,  on  the  limar  tlieury  above  mentioned, 
which  consisted  in  making  the  earth  always  occu]iy  the  lower 
focus  of  the  moon's  orbit,  and  in  giving  to  the  t-eutre  of  the 
ellipse  a  movement  in  the  circuiuference  of  a  small  circle  de- 
scribed  about  its  mean  plac«,  by  which  the  distance  of  tiic  earth 
from  the  apsides  of  the  orbit  was  made  variable,  and  the  corre- 
sponding variations  in  the  lunar  motions  were  more  correctly  ex- 
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Idbfted.  The  same  Artl^^M^i^g^  vidi  kis  fiind  Cnteree  «r 
Mancheiiler,  kail  the  good  luitime  to  be  dhe  fctt  |wiwi»  wlio 
ol>CaiDed  a  sijdit  c^the  tiancsit  of  Venos  arcrdhesaB*s  Asc:  tiiii 
happened  on  the  twentr-liMiith  dar  of  Xonwiwi,  16S9; 
Ilorrox,  hat-ing  caused  the  image  of  the  ion  to  StB.  ob  a 
in  a  darkened  room,  ohserred  the  plaiict  jort  viddn  the  £bc, 
and  in  contact  with  its  edge  on  the  interior  side.  He  has  ^tm 
an  account  of  the  obseiration  in  a  small  woik  entitlrd  Vemmt  m 
fMe  rum  ;  and,  from  it,  he  determined  the  sim*s  p^raHax  to  be 
.  equal  to  14  seconds ;  a  qnantitT  stQl  modi  too  great,  bat  giving 
the  distance  of  the  son  from  the  earth  rather  nearer  the  truth 
than  that  obtained  by  Vindelinns.  The  Eng^Bdi  astronomer, 
howerer,  feU  into  an  enoneons  notion  that  all  the  fdanets  are 
sc<;n  from  the  son  imder  equal  an^es,  which  he  supposed  to  be 
28  seconds ;  and  he,  consequently,  inferred  that  the  diameters 
of  the  planets  increased  in  proportion  to  their  distances  from 
thence. 

llic  systems  of  the  universe  which  we  hare,  hitherto,  had  to 
c^msidcr  seem  to  hare  been  proposed  chiefly  to  serve  as  guides 
in  the  performance  of  astronomical  computations ;  we  have,  now, 
to  notice  one  in  which  an  attempt  is  made  to  give  an  explana- 
tion, from  physical  causes,  of  the  existence  and  dispoeitioD 
of  ttic  bodies  composing  the  solar  system.  This  was  imder- 
takcn  by  Descartes,  a  philosopher  who,  being  misled  by  his  at- 
tachment to  the  mode  of  reasoning  employed  in  the  sciences 
which  are  purely  mathematical,  where,  a  few  axioms  being  laid 
down,  the  properties  of  numbers  and  figures  are  demonstrated  by 
a  chain  of  argument,  every  succeeding  link  of  which  is  connected 
with  that  which  precedes  it ;  endeavoured  to  employ  the  same 
mode  in  astronomy,  on  the  supposition  that  there  must  neces- 
sarily be  the  like  mutual  dependence  in  physical  subjects,  and 
tliat,  by  commencing  with  a  few  first  principles,  he  should  be  able 
to  trace  the  concatenation  of  causes  and  effects  in  nature,  and 
arrive  at  the  discovery  of  the  laws  by  which  she  acts  in  pro- 
ducing the  phenomena  of  the  universe.  It  may  be  said  of  this 
philoHopher  that  he  commences  his  researches  with  supposing 
that  there  is  nothing  to  find  ;  for,  in  his  enquiry  concerning  the 
principles  of  human  knowledge,  he  alleges  that  we  may  enter- 
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tain  a  doubt  of  the  existence  of  every  thing  in  nature,  (from  the 
evidence  of  our  senses,)  and  that  we  can  infer  our  own  existence 
only  from  a  consciousness  tliat,  while  we  doubt,  we  are  exer- 
cising tlie  faculty  of  tliinking.  Facile  qmdem  supponimtu  nul- 
lum esue  Dt'um,  nullum  coetam,  nulla  corpora  ;  non  autem  idea 
tios  qui  falia  cogitumua  nihil  esse:  repugnat  enim,  ut  putemwi, 
id  quod  cngital,  eo  ipso  tempore  quo  cogitui,  non  existere.  Ac 
jjroiiide  hicc  cognilio,  ego  cogilo,  ergo  sura,  esl  omnium  prima 
el  cer/issima,  qute  cuilibet  ordine philosoplianti  accurrtit'. 

Such  scepticism  was,  perhaps,  excusable  in  an  age  when 
the  light  of  reason  was  beginning  to  shine  upon  tlie  philosophi- 
cal world,  which  had,  for  so  many  centuries,  been  overshadowed 
by  tlic  clouds  of  the  Aristotelian  doctrines,  and  when  tho  guides  in 
whom,  hitherto,  implicit  eonlidcnce  had  been  placed  were  found 
to  fail ;  for  tlicn,  it  was  natural  that  men  should  endeavour  to 
pursue  the  study  of  nature  in  an  entirely  new  direction,  though 
it  were  necessary  to  examine  and  make  good  the  ground  at 
everj'  step.  At  this  lime  a  great  change  was  taking  place  in  the 
human  character ;  the  examples  of  Bacon,  Kepler  and  Galileo,  en- 
couraged men  of  well  regulated  minds  to  bring  every  hypo- 
thesis to  the  test  of  observation  and  experiment,  and  indisposed 
tJicm  for  receiving  an  opinion,  however  ])lausible,  till  it  had  been 
supported  by  the  concurrence  of  nature  herself;  and  to  this 
mode  of  proceeding  in  physical  enquiries  we  owe  the  great  ad- 
vances which  have  been  made  in  the  mixed  mathematical 
sciences  during  the  two  centuries  immediately  preceding  our 
own  times.  But  it  was  not  in  everj'  case  that  the  labours  of 
philosophers  were  directed  to  their  legitimate  end ;  and  the 
fetters  of  ancient  jirfjudiccs  being  removed,  it  sometimes  hap- 
pened, OB  it  had  happened  before  they  were  imposed,  that  nieu 
were  tempted  to  form  hypotheses  eoiiceming  things  which  ought 
to  be  cnlirttly  wilJinut  the  range  uf  their  enquiries. 

llius  Descartes,  following  the  steps  of  the  Epicureans,  as- 
sumed that  the  particles  of  original  matter  were  endowed  witli 
motions  in  every  direction  and  that,  by  their  collision,  lliey  ac- 
quired circular  movements  about  on  infinite  number  of  centres ; 
tlius  constituting  vortices  or  whirlpools  of  matter,  in  the  ceu- 
•  Priucjpionun  PtiiloKipbuF,  Fu*  I.  mci>7> 


i 


4^  THK  FnBT  mJOCOPfC  [( 

ires  of  which  the  son  and  stm  fofmed  tlifin^Iigs-  The  sod 
waji  Aiippcrf^ed  to  be  the  centre  n£  one  Tift  rovtex  witliin  whidi 
TcrolrfA  all  the  planets  whh  their  particiilar  rortices:  and  in 
these  last,  rerolTed  the  satellites  of  the  |daiiets :  the  same  cirni- 
lar  motion  which  caosed  the  planets  to  tarn  about  the  son,  and 
the  satellites  about  their  respecthre  primaries  was,  also,  supfKJsed 
to  have  given  the  bodies  of  the  soiar  srstem  their  spherical 
forms  and  to  hare  caused  their  rerofaitions  upon  their  axes. 
From  the  solar  system  Descartes  extended  the  same  idea  to  the 
limits  of  the  universe ;  he  supposed  that  the  heavens  were  di- 
vided into  three  regions ;  that  the  first  is  the  Tortex  of  fluid 
matter  of  which  the  sun  is  the  centre  and  which  extends  bevond 
the  orbit  of  Saturn  ;  the  second  is  that  of  the  fixed  stars,  each 
of  which  he,  also,  considered  as  the  centre  of  a  vast  rortex  like 
that  of  our  planetar)-  system;  and  the  third  is,  he  observes,  that 
which  will  be  unknown  to  us  in  this  life  •. 

ITiis  system  of  vortices  seems  to  have  been  intended  to  saper- 
sede  the  intelligences,  or  souls,  which,  by  Kepler  and  others,  had 
been  introduced  as  causes  of  the  movements  of  the  celestial 
bodies;  and  Descartes  conceives  that  it  will  reconcile  the 
two  contrary  o])inions  concerning  the  state  of  the  earth  with 
respect  to  rest  or  motion ;  both  of  which  opinions,  he  sup* 
poHi;H,  may  be  true  at  the  same  time.  Since,  says  he  •*,  we  know 
that  tlie  earth  is  not  sup])orted  by  columns  nor^  suspended  by 
cords,  but  surrounded  by  a  fluid,  we  may  suppose  it  at  rest 
though  it  be  carried  on  by  the  movement  of  the  heavens ;  as  a 
ship  which  is  neither  carried  forwards  by  the  winds  nor  retained 
by  its  anchors  remains  at  rest  on  the  ocean,  while,  at  the  same 
time,  the  flux  and  reflux  of  the  water  may,  insensibly,  displace 
it  with  respect  to  the  same  point  in  space.  The  explanation 
was  evidently  proposed  to  remove  the  objections  which,  in  those 
days,  were  urged  against  tlie  motion  of  the  earth,  from  a  secret 
prepossessicm  in  favour  of  the  opinions  of  the  ancients ;  but  the 
time  was  approaching  in  which  such  explanations  ceased  to  be 
nec(*Msary,  by  the  abandonment  of  the  prejudices  which  thej 
were  intended  to  conciliate. 

Descartes,  in  speaking  of  the  circular  movement  produced  in 

«  Prill.  Phil.  Vwn  HI.  nect.  30-63.  ^  Ibid,  Pan  III.  sect.  86. 
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a  stone  when  it  is  made  to  revolve  in  a  sling,  expressly  states, 
in  confurmily  to  the  results  of  daily  obttervation,  that  it  conti- 
Dually  pndeavourB  to  recede  from  the  centre  in  a  right  line 
touching  the  arc  it  <lescrihe8 ;  but  tliis  ccntriiiigal  force  would 
be  a  neccsaarj'  consequence  of  the  revolution  of  tlie  particles  of 
matter  which  constitute  the  vortices,  and  it  is  evident,  there- 
fore, that  Aticli  vortices  would  speedily  be  annihilated  by  the 
dJKpcTsion  of  the  matter  in  infinite  space :  in  reply  to  an  ob- 
jection gnpjiosed  to  be  urged  against  his  system,  on  this  account, 
lu<  is  reduced  to  the  necessity  of  asserting  that  tlie  recess  of  tlie 
panicles  from  the  centre  of  the  vortex  is  prevented  by  the  pres- 
sure of  those  beyond  ;  which,  howerer,  instead  of  taking  away 
(he  (UMicidty,  can  only  be  considered  as  removing  it  a  step  fur- 
ther off.  The  system  seems  to  have  been  entertained  but  a 
short  time  among  the  learned,  and,  perhaps,  it  was  never  gene- 
rally received :  the  movements  of  the  planets  in  orbits  oblique 
to  each  other  though  in  the  same  vortex,  and  those  of  the 
comets  in  every  direction,  were  convincing  proofs  of  its  insuf- 
ficiency ;  but  it  fell  entirely  when  Sir  Isaac  Newton  proved,  as 
will  be  hereatler  shewn,  that  it  was  incompatible  with  the  ob- 
sen'cd  laws  of  planetary  motion. 

Since  the  time  of  Dcacartea.  France  lias  been  (Ustinguishcd 
as  the  country  of  many  celebrated  mathematicians  whose 
labours  have  contributed  much  to  shed  a  lustra  over  the 
nation,  and  bring  the  sciences  to  their  present  highly  improved 
state ;  among  these  are  conspicuous  the  four  Cassinis,  who,  suc- 
cessively, filled  the  chair  of  a«tionomy  at  Paris  from  the  middle 
of  the  seventeenth  to  the  beginning  of  the  nineteenth  century, 
and  had  the  direction  of  the  royal  obsenatory  established  there 
by  Louis  XIV,  Dominicus  Cassini,  tlie  first  of  thcse^  was  by 
that  monarch  invited  from  Italy  in  1009  and,  during  a  long  life, 
for  he  died  in  1 7 1*3  at  the  age  of  eighty -seven,  be  was  unwearied 
ill  observing  the  heavens  wilh  histrumcats  which  were  then  be- 
coming far  more  perfect  than  they  bad  been  before.  Previous 
to  his  departure  from,  and  during  a  subsequent  visit  to  his 
native  country,  he  re-traced  in  the  church  of  St,  Petronius,  at 
Bologna,  a  nieridian  line  which  had  been,  before,  executed  by 
Ignatius  Uaute,  and  be  endeavoured,  by  means  of  that  line  and 
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an  aperture  inacic  in  the  edifice,  at  t))e  height  of  eigfaty-fnor 
feet  iron)  the  paremeiit,  to  ascertain  with  precision  the  risible 
diameter  of  the  sun,  the  obliquitr  of  the  ecliptic,  and  other 
elements  of  the  solar  orbit.  The  image  of  the  sun's  disc,  beiu^ 
transmitted  through  the  aperture  and  received  on  the  pavemeDt, 
was  daily  measured  ;  and  the  variations  of  its  magnitude,  being 
compared  with  the  daily  movement  of  that  luminary  in  longi- 
tude, shewed  that  the  velocities  varied  in  a  different  proporlioii 
from  tlie  apparent  diameters  i  Cassini  concluded,  from  ihence, 
that  the  elliptical  form  of  the  orbit  was  not  the  only  cause  of  (he 
observed  inequalities  of  the  sun's  movement;  and,  in  ignorance 
of  the  efleclB  arising  from  the  mutual  attiactiona  of  tlie  planet;, 
he  conceived  that  the  sun's  orbit  might  be  some  curve  diflereul 
from,  but  nearly  resembling  an  ellipse ;  he  proposed,  thcreforc. 
for  it, a  cune,  which  he  denominated  the  Cassinoid,  and  which, 
he  supposed,  would  cause  the  sun,  by  moving  in  it,  to  undergo 
variations  of  apparent  angular  velocity  conformable  to  those 
determined  by  observation.  The  process  above  mentioned  may 
be  considered  as  the  last  cfibrt  to  employ  Uie  giiomoo  as  an  in- 
strument of  observation  ;  it  was  expected  that,  by  using  one  of 
great  magnitude,  the  results  obtained  would  be  far  superior  in 
accuracy  to  those  aflbrded  by  the  mural  quadrants  then 
structcd,  but  this  hope  was  found  to  be  fallacious  from  tlu 
possibility  of  preventing  the  displacement,  in  the  course  of 
of  the  materials  employed  in  the  construction ;  and  the  cor. 
rectness  with  which  circular  instruments  have,  since  that  time, 
been  graduated  has  rendered  the  latter  far  preferable  for  all 
the  purposes  of  practical  astronomy.  It  may  be  worth  w] 
to  observe,  here,  that  La  Hire,  who  was  a  contemporary 
Cassini,  attempted  to  represent  the  forms  of  the  pi 
orbits  by  circles  of  the  higher  orders,  in  order  to  explain 
inequaUtics  of  the  movements ;  he,  aAcrwards,  however,  aban- 
doned the  idea ;  and  this  seems  to  have  been  the  last  prupu- 
sition  made  for  cbon^ng  Uic  elliptical  form  wliicli  had  been 
invented  by  Kejiler.  The  ellipse  is  not,  indeed,  tlie  true  ligurc 
of  a  planet's  orbit  nor  can  any  geometrical  figure  represent 
tliat  M'hieh,  within  certain  limits,  is  contin\ially  varying,  bui 
mathemaliciaus  hare  fouud  it  cuuvenieiil  to  use  this  as  a  means 
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of  maliing  a  first  approximation  to  the  momouloiy  position  of 
a  planot,  iii  space ;  and  tlicy,  aIli.T wards,  correct  tliat  posi- 
tion by  various  equations  which  the  discovery  of  the  laws 
of  planetary  action  has  enabled  them  to  determine. 

The  substitution  of  two  or  more  lenses,  of  convex  forms,  for 
the  single  concave  eye  glass  in  the  telescopes  used  by  Galileo, 
had  greatly  improved  those  instmmcuts  by  permitting  the  mag- 
nifying power  to  be  increased  in  a  more  Uian  twofold  degree, 
without  too  much  diininisliing  the  light  and  field  of  view,  and 
wilJiunt  causing  too  great  an  apparent  distortion  of  the  object. 
For  this  improvement  astronomers  are  chiefly  iitdebtcd  to  Iluy- 
gens,  whose  telescopes  first  showed  the  belts,  as  they  are  called, 
on  the  surface  of  Jupiter,  and  that  the  objects  accompanying 
Siitum,  which  were  before  supposed  to  be  two  small  stars,  really 
constituted  an  annul  us  surrounding  the  planet ;  for,  observing  the 
latter  during  about  nine  mouths,  he  found  that  those  objects  gra- 
dually diminished  in  ma({nitude  till,  in  January  1656,  lliey  dis- 
appeared, so  that  Saturn  then  resembled  the  rest  of  the  planets 
in  form ;  but,  in  tlie  following  October,  tlie  accompaniment  re- 
tiuned  and  the  planet  appeared  as  at  first:  there  could,  tlicre- 
fore,  be  no  doubt  of  the  nature  of  the  objects,  and  Hiiygens 
concluded  that  the  ring  was  an  opaque  substance  reflecting  tlio 
light  of  the  sun ;  he  also  concluded  that  its  plane  was  inclined 
to  the  orbit  of  Saturn,  and  he  assigned  two  causes  for  its  disap- 
pearance, which  arc  that  the  plane  of  tlie  ring,  regularly  chang- 
ing its  position,  occasionally  passes  through  the  earth,  and  occa- 
sionally, through  the  sun ;  in  the  first  case,  tlie  edge,  only,  is 
presented  to  us  and,  in  the  other,  the  edge,  only,  is  enlightencil 
by  tlie  siu)  j  consequently,  in  both  cases,  as  the  thickness  of  the 
ring  subtends  an  angle  which  is  then  insensible,  llie  ring  is 
necessarily  invisible  to  a  spectator  on  the  earth.  Since  thai 
time,  however,  the  powerful  telescopes  of  the  late  Sir  Wilham 
UerschcU,  have  permitted  the  ring  to  bo  seen  in  all  situations. 
Maraldi,  a  nephew  of  Dominicus  Cassiui,  also  a  diUgrnt  ob- 
aerrcr  of  the  heavens,  afterwards  remarked  that  the  ring  remains 
invisible  fiom  the  time  that  the  plane  of  the  ring  pusses  through 
the  earth,  till  it  paasi^s  so  far  above  or  below  tlie  plane  of  the 
earth's  orbit  tliat  the  sun's  light  upon  the  former  plane  becomes 
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great  enough  to  render  it  visible ;  and  that  it  lemains 
while  the  plane  of  the  ring  lies  between  the  earth  and  the  son, 
because,  then,  the  dark  side  is  turned  tow^ards  oa.  The  same 
Cassini  discovered  that  the  ring  is  divided  by  a  dark  elliptical 
line  into  two  parts  which  are  concentric  with  each  other,  but  of 
unequal  brilliancy,  and  he  first  observed  the  lines,  or  belts,  which 
are  commonly  seen  on  the  surface  of  the  planet.  Jaques  Cassini, 
his  son,  remarking  that  the  disappearance  and  re-appearance  of 
the  two  sides  of  the  ring  do  not  take  place,  respectiyelj,  after 
ecjual  inten^als  of  time,  concluded  that  the  whole  surface  of  the 
ring  is  not  exactly,  in  one  plane;  and  M.  Messier,  in  1773, 
from  the  inequalities  of  the  light  as  well  as  firom  the  appearance 
of  distinct  luminous  points  when  the  breadth  of  the  ring  was 
very  much  diminished,  concluded  that  the  sur&ce  is  consider- 
ably diversified  with  mountains  and  valleys.  The  shadow  cast 
by  the  ))lanet  itself  on  the  plane  of  the  ring  had  been  early  ob- 
served ;  but  Sir  William  Herschell  was  the  first  who  perceived 
the  shadow  cast  by  the  ring  on  the  body  of  the  planet,  at  a  time 
when  the  edge  of  the  former,  being  turned  towards  the  earth, 
was  itself,  invisible. 

II uy gens  was  fortunate  enough  to  discover  one  of  the  sateUites 
of  Saturn ;  but,  misled  by  the  spirit  of  system,  he  rashly  com- 
mitted himself  by  asserting  that  there  remained  no  more  satellites 
to  discover  because  their  number  was,  then,  exactly  equal  to  the 
number  of  primary  planets.  Dominicus  Cassini  subsequently 
discovered  that  Saturn  was  accompanied  by  four  other  satellites; 
and,  among  tlie  first  discoveries  made  by  Herschell  with  the  great 
telescope  he  had  constructed,  was  that  of  two  more,  which  made 
tlie  whole  number  equal  to  seven. 

The  i)henomena  of  the  planets  were  particularly  attended  to  by 
DominiciLs  Cassini,  and  his  discoveries  contributed  materiaUy  to 
establish  the  opinion  that  all  the  solar  system  is  subject  to  one 
law  of  action ;  his  observations  on  the  spots  of  Mars  and  Japiter 
enabled  him  to  decide  that  they  adhere  to  those  planets,  and, 
appearing  hirger  when  near  tlie  centre  than  elsewhere,  it  was 
evident  that  they  revolve  with  the  ])lanets  about  the  axes  of  the 
latter ;  and  Uie  times  of  their  appearance  and  disappearance,  and 
the  positions  of  the  paths  they  describe,  shewed  the  periods  in 
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wliich  tlie  revolutions  are  jrerfomicd  luiJ  the  inclinations  of  tlie 
axes  to  the  planes  of  the  orbits.  The  same  astronomer  deter- 
mined, also,  the  dimensions  and  positions  of  the  orbits  of  Jupi- 
ter's satellites ;  and,  fri>ni  his  obsen'ations  of  their  movements, 
he  was  enabled  to  compute  the  times  at  whicli  they  appear, 
to  the  inhabitants  of  the  earth,  to  become  eclipsed  by  entering 
into  the  shadow  of  the  planet :  he  foresaw  the  importance  of 
these  phenomena  in  the  solution  of  the  problem  for  finding  the 
longitudes  of  places  on  the  earth ;  but,  before  they  could  be  ren- 
dered available  for  this  purpose,  a  far  more  accurate  knowledge 
of  the  movements  of  the  satelhtes  was  required-  In  1677,  Ca«- 
sini  remarked  a  spot  on  the  body  of  Jupiter,  at  a  lime  when  the 
fourth  satellite  was  known  to  be  between  the  earth  and  planet, 
and  he  obsen-ed  that  the  spot  quitted  the  latter  at  the  moment 
the  satellite  became  visible :  it  was,  therefore,  evident  that  this 
was  tlie  satelhte  itself,  rendered  visible  only  by  the  superior  bril- 
liancy of  the  planet.  Now  tJiis  appearance  was  not  found  to 
occur  every  time  that  tlie  satellite  was  mi  the  planet,  but  only 
after  intenals  of  twelve  years ;  and  the  inference  drawn  from 
the  circumstance  was  that  the  salelUtesuf  Jupiter,likeourmoon, 
revolve  on  tlieir  axes  in  the  times  of  their  revolutions  about  the 
planet ;  by  which  means  the  same  face  of  the  satellite  is  turned 
towards  the  earth  at  tlie  end  of  every  revolution  of  Jupiter  about 
the  sun,  and  is  rendered  visible  to  us  from  the  diminution  of  its 
brilliiuicy,  caused  by  the  spots  supposed  to  be  on  its  surface. 
The  same  astronomer,  ob6er\-ing  that  the  dfth  satellite  of  Saltim 
gradually  lost  and  recovered  its  briUiancy  during  its  movement 
Uirough  the  eastern  and  western  parts  of  its  oibit,  resjiecUvely, 
mferrefl  that  the  same  law  prevailed  in  the  rotations  of  the  satel- 
lites of  that  planet ;  an  inference  which  was  subsequently  con- 
firmed  by  HorscliHI.  By  one  part  of  tlic  disc  of  Venus  appear- 
ing less  bright  than  the  rest,  CasHni  was  enabled  to  follow  that 
planet  in  its  rotation  on  its  axis;  aud  he,  from  thence,  con- 
cluded the  time  in  which  the  rotation  was  performed,  but  with 
some  hesitation  becaase,  on  account  of  her  apparent  vicinity  to 
the  sun,  she  is  not  visible  during  a  sufficient  length  of  time- 
M.  Schropter  has,  however,  since,  confirmed  the  o|iinion  of  Cas- 
sini  from  Iiis  obwrvations  on  the  returns  of  like  appearances  at 
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one  of  the  cnaps  of  that  plouft.  Iler  movement  of  rotation  was 
found  to  be  directed  nearly  from  north  to  soutlt,  a  circuiustancv 
in  which  she  is  distinguished  from  the  oilier  planets,  uliose  di- 
lations are  nearly  from  west  to  east,  and  which  indicates  a  ven' 
small  obliquity  of  her  axis  to  the  plane  of  her  orbit.  AnothiT 
phenomenon  observed  by  Dominicus  Cassini  was,  that  the  disc 
of  Jupiter  is  not  circular  but  elliptical,  being  in  a  sensible  de- 
gree compressed  at  the  poles ;  his  instruments  were,  howeTei, 
not  sufficiently  good  to  allow  him  to  ascertain  the  difference  be- 
tween the  two  diameters,  but  this  was  afterwards  accomplished 
by  Pound  and  Short,  in  England ;  a  similar  compression  has 
been,  subsequently,  observed  in  the  other  planets,  and  thai  of 
Saturn  is  particularly  great, 

The  Ubralions  of  the  moon  had  been  observed  before  the  lime 
of  Cassini  and  that  by  which  we,  occasionally,  see  an  ad<litional 
portion  of  the  upper  and  lower  edge  of  the  disc  had  been  lightly 
ascribcd  to  the  position  of  the  spectator,  who  looks  clou-n  ufion 
her  when  she  is  in  Uie  horizon,  and  under  her  when  she  is  new 
the  meridian ;  but  iJie  above  astronomer  appears  to  have  be«i 
the  first  who  ascribed  the  libration  in  longitude  to  a  diifei 
between  her  velocity  in  the  orbit  and  tliat  of  the  rotation  on 
axis. 

Besides  numerous  obsenations  tending  to  the  discoverr  of  th* 
forms  of  the  planets  and  to  a  more  correct  determination  of  Uii-ir 
mean  movements  by  a  comparison  of  the  ancient  with  ibc 
dem  places,  the  enquiries  of  astronomers  were,  in  the  same 
particularly  directed  to  those  circumstances  which  relate  to 
positions  of  the  planetary  oibits  Uiemselves ;  such  as  their 
quity  to  the  ecliptic  and  the  motions  of  tlieir  nodes  and  ap] 
which  had  been,  in  former  times,  very  incorrectly  asccrl 
Mnroldi  detennined,  by  means  of  an  obsercalion  made  in  the 
year  300  Ilcfore  Christ,  the  posiUon  of  Uie  asccn<ling  node  of 
Jupiter's  orbit,  and  comparing  it  with  the  position  of  the  same 
node,  observed  11)31  years  subsequently,  he  found  lliat,  in  ihc 
interval,  it  had  advanced  ISj-  degrees  with  respect  to  the  equi- 
noctial points ;  but  iheec  having,  in  t]ie  same  time,  retrograi 
27  degrees,  it  was  evident  that  llic  node  must  have  retroj 
with  res]>ect  to  the  fixed  stars,  as  much  as  14^  degrees. 
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name  nstronomcr,  and  his  relative,  Jacques  Cassini,  suspected, 
also,  tliat  the  aphelia  of  the  orbits  of  Jupiter  and  Salum  had, 
each,  a  progressive  molion  in  space  because,  in  the  course  of 
ages,  Ihey  appeared  to  have  advanced  more  than  the  equinoctial 
points  had  retrograded ;  but  the  want  of  precision  in  the  obser- 
vations cbd  not  allow  them  to  conclude  positively  that  such  was 
the  fact.  The  same  uncertainty,  llit^,  prevailed  concerning  the 
movements  of  tlie  nodes  of  Mercury  and  Venus,  which  La  Hire 
and  Cassini  supposed  to  be  in  retrograde  order. 

The  mean  motions  of  tlic  planets  were,  in  this  age,  ascertained 
very  correctly  by  comparisons  of  the  actual  places  with  those 
determined  from  tlie  observations  of  Tycho  Brabo  and  of  the 
ancient  astronomers;  but  Maraldi  and  Cassini  discovered  the 
remarkable  fact,  that  the  mean  motion  of  Jupiter  was,  then, 
more  rapid,  and  that  of  Saturn,  less  so  than  they  liad  formerly 
been :  this  circumstance,  which  is,  now,  so  well  known  to  be 
caused  by  Uio  mutiuU  perturbations  exercised  by  tliose  planets 
on  each  other,  appeared  at  fu^t  to  be  quite  inexphcable :  the 
latter  astronomer,  however,  proposed  an  opinion  that  the  efTecls 
resulted,  in  some  manner,  from  the  changes  which  take  place  in 
tlie  positions  of  the  orbits,  in  consequence  of  the  progression  of 
their  apsides ;  and,  with  sJngidar  good  fortune,  he  conjectured 
that  llie  time  would  come  when  those  effects  would  be  of  a  con- 
trary nature ;  tlie  motion  of  Saturn  becoming  more  rapid  than 
that  of  Jupiter,  and  so  on,  alternately.  La  l.ande,  also,  in  the 
middle  of  the  eighteenth  century,  ascertiuned  from  obsenatiun, 
that,  diuing  about  tliirty-five  years  previously,  the  mean  motion 
of  Saturn  had  experienced  an  abrupt  acceleration  ;  and  tlie  dis- 
coverj'  of  tlie  cause  of  these  inequalities  of  movement  was,  soon 
afterward,  to  follow.  Several  variations  were,  also,  at  this  time, 
found  to  take  place  in  the  movements  of  Jupiter's  satellites,  in 
the  inclinations  of  their  orbits  and  in  the  positions  of  tlie  apsides 
and  nodes.  The  nodes  of  the  fourth  satellite  were  found  to  move 
in  direct,  instead  of  retrograde  order ;  and  those  of  the  second,  to 
have  a  motion  which  is  alternately  direct  and  retro^^ade. 
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CHAPTER  XX. 

THE   THEORY   OF  GRAVITATION   DEVELOPED    BY    NEWTON. 

Huygens  measures  the  intensity  of  terrestrial  attraction  by  the  ribratioBs 
of  pendulums — Dr.  Hook's  illustration  of  planetary  motion. Newtoo  dis- 
covers that  terrestrial  gravity  extends  beyond  the  moon.-.He  demonstrates 
the  laws  of  planetary  motion — Manner  in  which  a  planet  describes  an  dlip. 
tical  orbit. — Universality  of  the  principle  of  attraction. — The  son  and 
planets  revolve  about  the  centres  of  gravity. — The  planets  disturb  rarh 
other*s  motions.— The  perturbations  produce  movements  in  the  apsides  aad 

nodes  of  an  orbit. — Manner  of  decomposing  a  perturbating  force. Effects 

of  perturbation  in  changing  the  figure  of  a  planet's  orbit. — Application  of 
the  theory  of  attraction  to  the  moon.— Causes  of  the  several  ineqoalities  in 
the  moon's  motions. — Cause  of  the  retrogradation  of  the  eqninoctial  points. 
^  Physical  cause  of  the  tides. — Cause  that  the  moon  always  presents  the 
same  face  to  the  earth. — The  comets  shewn  to  be  subject  to  the  law  of  ffra. 

vitation. — Objections  at  first  urged  against   Newton's  theory. Newton's 

preference  of  the  geometrical  mode  of  investigating  propositions. 

About  the  middle  of  the  seventeenth  century  Huygens,  in  Hol- 
land, discovered  the  laws  by  which  a  body  descends  and  ascends 
along  the  arc  of  a  cycloid,  and  his  attempt  to  produce  a  move- 
ment of  this  natiu-e,  in  the  pendulum  applied  to  machiueiT  for 
the  purpose  of  measuring  time,  in  order  to  render  the  vibrations 
isochronous,  is  well  known ;  but,  though  this  ingenious  project 
was  not  attended  with  the  success  at  first  anticipated,  yet  the 
laws  of  motion  in  a  cycloid  were  found  to  be  of  great  import- 
ance in  the  determination  of  the  relations  between  the  times  of 
motion  and  tlie  spaces  passed  through,  by  bodies  descending 
near  the  earth,  from  the  force  of  terrestrial  attraction ;  and  be- 
came the  means  of  obtaining  an  expression  for  the  intensity  of 
that  kind  of  attraction. 

Galileo  had  proved,  mathematically,  that,  since  granty  is  a  force 
continually  acting,  it  must  cause  a  falling  body  to  descend  through 
spaces  proportional  to  the  squares  of  the  times  of  descent ;  and 
attempts  had  been,  subsequently,  made  to  verify  the  proposition 
by  letting  bodies  fall  from  the  tops  of  buildings  to  the  gn>und 
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and  measuring  the  spaces  descended  in  given  times;  but  the 
values  thus  found  being  liable  to  great  uncertainty  fTora  the  dif- 
ficiiltj-  of  ascertaining  the  time  of  descent  accurately,  Huygens 
put  in  practice  the  following  nifthod  by  which  the  utmost  pre- 
-cision  might  be  obtained.  He  had  proved,  fixjm  the  pro- 
perties of  the  cycloid,  that  the  time  of  a  vibration  along  tliat 
cun-e,  is  to  tlie  time  of  descending  down  tlie  height,  or  axis, 
of  the  cycloid,  as  the  circumference  of  a  circle  is  to  its 
diameter :  now  the  lenglli  of  the  said  axis,  which  is  half  the 
length  of  the  pendulum,  reckoned  between  the  centres  of  sus- 
pension and  oscillation,  can  be  measured  with  great  accuracy, 
and  the  time  of  a  vibration  can  be  ascertained  very  correctly 
by  counting  tlie  number  of  vibrations  performed  in  a  consider- 
able time ;  hence  the  space  descended  by  a  body  in  one  second 
of  time  near  the  earths  surface  is  known  lo  be  equal  to  about 
16^  feet  J  and,  because  it  can  be  shewn  thai  the  velocity  which 
a  body,  subject  lo  the  action  of  a  constant  accelerative  force, 
acquires  at  the  end  of  a  given  time  of  motion,  is  such  as  would 
carry  it,  with  uniform  motion,  through  twice  the  space  it  has 
moved  through,  in  tlie  same  time,  if  the  accelerative  force  w 
lo  cease ;  it  follows  that  a  iKidy  near  the  eartli  would,  at  the 
end  of  one  second  of  lime,  acquire  a  velocity  of  32^  feet ;  and 
this  number,  therefore,  is  taken  as  the  measure  of  the  force  of 
gravity  near  the  earth.  Huygens,  also,  shewed  that  when  a 
body  revolves  in  the  circumference  of  a  circle  tlierc  is  an  equi- 
librium between  the  centripetal  and  centriiligal  forces,  or  those 
by  which  it,  respectively,  lends  lo  approach  lo,  and  recede  from 
the  centre  of  motion  ;  and  he  illustrates  the  subject  by  the  con- 
dition of  a  stone  revolving  in  a  sling:  observing  that  if  the 
centrifugal,  exceeded  the  eentripelal  force,  the  string  would 
break ;  if  it  were  less,  the  string  would  slacken,  and  the  stone 
would  come  to  the  hand  ;  but  the  particular  velocity  which  a 
body  must  have,  to  enable  it  to  revolve  in  a  circular  orbit  about 
a  cenlrc  of  attraction,  was  not  discovered  till  afterwards. 

The  unconnected  ideas  of  Copernicus,  Kepler,  Galileo  and 
Descartes,  concerning  physical  action  were,  by  Dr.  Hook,  col- 
lected and  presented  in  one  view.  He  anscrts  that,  in  all  llie  celes- 
tial bodies,  there  is  ^principle  of  attractioo  by  which  their  par- 
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tides  tend  to  their  respectire  centres;  and  tliai  they  attnct  all 
bodies  within  the  sphere  of  thdr  infloence,  with  a  power  windk 
is  so  much  the  greater  as  the  hitter  aie  nearer  to  the  fonner: 
he,  therefore,  conclndes  that  the  son,  moon  and  planets  hare  an 
influence  on  the  earth,  affecting  its  motion;  and,  recnnocallT, 
that  the  earth  must  exert  an  influence  on  them :  he  repeats  the 
hypothesis  of  Galileo,   that  bodies,   once  put  in  motion,  will 
continue  to  advance  in  rectilinear  directions,  unless  some  ex- 
ternal power  acts  upon  them  to  change  their  courses ;  and  he 
goes  so  &r  as  to  remark  that,  by  such  external  force,  thej  may 
be  made  to  describe  circles,  ellipses  or  some  other  curves :  but 
both  he  and  Dr.  Halley  seem  to  have  attempted  without  success 
to  ascertain  what  must  be  the  law  of  attraction  by  which  a  body 
would  be  enabled  to  describe  an  oibit  of  any  given  form.     Here 
Dr.  Hook  stops  and,  though  the  bringing  these  leading  ideas 
together  must  have  been  a  great  assistance  to  any  one  who, 
subsequently,  investigated  the  laws  of  planetary  morement,  yet 
an  immense  space  intenened  between  those  general  notices  and 
the  creation  of  a  theory  by  which  the  celestial  phenomena  were 
accounted  for.     Hook  exhibited  a  representation  of  the  laws  of 
nature,  in  the  solar  system,  by  suspending  a  baU  from  the  ceil- 
ing and,  while  it  vibrated  like  a  pendulum,  giving  it  an  impulse 
laterally,  with  respect  to  the  plane  of  vibration,  when  the  ball 
was  found  to  describe  an  ellipse  about  a  centre  which  was  in  the 
vertical  line  passing  through  the  point  of  suspension :  he,  also, 
attached  a  second  ball  to  the  original  one  and,  by  an  impulse, 
made  it  revolve  about  the  first  while  this  revolved  about  the  said 
vertical  line ;  and  he  shewed  that,  now,  the  original  ball,  which 
represented  the  earth,  no  longer  described  an  ellipse,  as  before, 
but  that  a  certain  point  between  this  and  the  other  body,  (the 
latter  representing  the  moon,)  described  the  ellipse,  and  that 
both  balls  revolved  in  curves  about  that  point  which,  as  he 
rightly  supposed,  represented  the  common  centre  of  gravity  of 
the  two  bodies.     But  the  dependence  of  the  forms  of  the  orbits 
described  by  the  revolving  bodies  on  the  law  of  attraction  waa 
unknown  to  Hooke  and,  to  solve  this  problem,  a  mind  stiU  more 
comprehensive  was  wanting,  and  new  aids  were  to  be  obtained 
from  the  pure  sciences. 
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It  ia  liighly  ^tifjing  to  obscn'e  that  the  principal  nations  of 
Europe  liaTf  Iiad  their  shares  in  the  honour  of  advancing  the 
cause  of  sonud  philosophy  and,  particularly,  of  aRtronomical 
science.  Wc  have  seen  that  Gennany  gave  birth  to  Copeniicus 
and  Kepler,  of  whom  the  former,  with  powerful  arm,  overthrew 
the  banners  raised  by  ancient  prejudices  aiid  advanced  to  some 
distance,  though  with  cautious  steps,  over  the  uncertain  ground 
bcyonil ;  while  tlie  latter,  with  unwearied  labour  essayed  every 
probable  path  and,  having  found  tlie  right  one,  proceeded  along 
it  to  the  very  gate  of  truth.  We  have  seen  Italy  send  forth  Galileo, 
to  whose  piercing  eye  the  fonns  of  the  planetary  bodies  stood 
revealed ;  and  France  and  Holland  raise  up  their  Cassinis  and 
Huygens  to  correct  and  extend  tlie  knowledge  of  tlie  celestial 
movemints,  and  open  the  way  lo  the  discovery  of  the  earth's 
figure  and  tlie  law  of  gravitation.  But,  as  good  patriots,  we  are 
proud  that  our  country  produced  a  Newton  M'hose  bright  genius 
soared  loftily  over  tliose  of  the  greatest  philosophers  of  bis  own, 
and  of  ancient  times ;  who,  bringing  to  bear  upon  the  elementa 
gradually  accumulated  during  a  long  series  of  ages,  the  energies 
of  his  powerful  mind,  wrung  from  rclucUint  Nature  the  avowal 
of  the  laws  by  which  she  holds  tlie  material' universe  in  cqui- 
librio.  Happy  should  we  ftel  could  we  say  tliat  hie,  and  our 
countrymen  had  followed  his  steps  and,  at  least,  shared  with  the 
men  of  otlier  nations  the  honour  of  prosecutinghis  discoveries,  both 
in  pure  and  mixed  matlieniatics,  to  the  point  tliey  have  since  his 
time  attained ;  but,  H-ilh  regret,  we  arc  obliged  to  own  that  the 
wreath  wliicb  encircled  the  brows  of  Newtou  has  been  suflered  to 
wither  on  his  tomb;  and,  as  if  intellectual  pursuits  of  the  highest 
order  were  not  the  noblest  objects  of  human  life,  and  the  duty 
of  all  who,  by  fortune,  are  placed  above  the  condition  of  the 
labouring  hind,  the  generous  cffortH  of  an  enlightened  few  to 
re-excite  tlie  decaying  Same  of  pure  science,  it  has  been  too 
often  attempted  lo  repress,  by  tlie  illiberal  and  ifiistakcn  objeC' 
tion  that  such  researches  are  but  remotely  subservient  to  the 
interests  of  man.  In  the  mean  time  our  national  rivals  have 
east  our  intellectual  glories  in  the  shade,  and  left  us  scairely  a 
hope  of  being  able  to  recover  tlie  ground  wc  have  lost.  May 
this  consideration,  however,  only  stimulate  us,  in  luture,  to  new 
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exertions ;  that  we  may  become,  at  least,  not  tinwortlij  of  ioLe- 
riting  the  renown  our  fathers  have  acquired  ! 

Sir  Isaac  Newton  was  bom  in  1642  and,  according  to  Dr. 
Pemberton,  it  was  in  1666,  during  his  temporaxj  retirement 
from  the  university  on  account  of  the  plague  then  lagiDg  in 
Cambridge,  that  he  began  his  inquiry  into  the  nature  of  planet- 
ary attraction.  Accident,  then,  seems  to  have  led  him  to  coo- 
sider  that,  since  the  attractive  force  of  the  earth,  by  which  a 
stone,  when  unsupported,  descends  with  an  accelerated  motion, 
has  less  intensity  on  the  top  of  a  mountain  than  in  a  valley,  it 
might  extend,  though  with  still  diminished  force,  to  the  region 
of  the  moon ;  and  might  be  that  power  by  which,  in  conjunc- 
tion with  some  lateral  impulsive  force  originally  given,  our 
satellite  is  made  to  describe  its  particular  orbit  about  the  earth. 
An  erroneous  estimate  of  the  magnitude  of  the  earth  prevented 
Newton  from,  immediately,  discovering  the  identity  of  terres- 
trial gravity  with  that  attractive  force  by  which  the  moon  b 
retained  in  her  orbit,  by  leading  him  to  tlie  conclusion  that  the 
latter  was  greater  by  one-sixth  tlian  it  ought  to  have  been  on 
that  supposition ;  but  when,  subsequently,  on  occasion  of  a 
letter  from  Dr.  Hook  containing  an  enquiry  into  the  nature  of 

• 

the  line  described  by  a  body  in  &lling  from  a  g^rcat  height, 
according  to  the  laws  of  acceleration  delivered  by  Galileo, 
taking  also  into  consideration  the  diurnal  movement  of  the  earth, 
he  was  induced  to  renew,  with  more  accurate  data,  his  investi- 
gations concerning  the  action  of  the  earth  on  the  moon,  he 
obtained  demonstrative  evidence  of  that  identity.  For,  having 
obtained  tlio  dimensions  of  the  moon^s  orbit  and  the  value  oT 
the  arc  described  by  that  celestial  body  in  one  day,  he  computed 
the  versed  sine,  which  is  a  decomposed  part  of  the  motion  in 
the  arc,  and  fomid  it  equal  to  the  space  through  which  any 
body  in  that  region  would  descend  towards  the  earth,  in  the 
same  time,  by  the  attraction  of  the  latter,  supposing  this  attrac- 
tion to  diminish  in  the  inverse  ratio  of  the  square  of  the  dis- 
tance*. 

It  appears  to  have  been  in  the  year  1683  that  Newton  com- 
municated to  the  Royal  Society  certain  propositions  concerning 

*  Principia  Mathematica,  Lib.  III.  Prop.  4. 


XX.]  DEVELOPED    BV    NBWTOS.  435 

the  motions  of  ihc  iilanels  round  the  sun,  which  fonn  the  basis 
of  the  great  work  above  quoted,  and  of  what  has  been  since 
denominated  physical  astronomy.  Having  laid  down  the  three 
well  known  laws  of  motion  he  shews,  in  a  corollary  to  the  third, 
that,  if  a  body  be  urged  by  two  forces  in  different  directions,  it 
will  describe  the  diagonal  of  a  parallelogram  in  the  same  timethat, 
by  the  action  of  cither  force  alone,  in  the  direction  of  one  of  its 
sides,  it  would  describe  that  side:  and,  in  the  first  proposition 
of  the  first  book,  he  demonstrates- that  if  a  body  bo  continually 
attracted  towards  a  centre  and,  at  tlie  beginning  of  its  motion, 
it  receive  an  iini>ulse  in  some  other  direction,  it  will  describe  a 
turve  line  about  Uiat  centre  with  a  velocity  either  uniform  or  bo 
varied  that  areas  formed  between  the  cur\o  and  the  radii  vec- 
tores  drawn  from  the  centre  of  attraction  to  any  part  of  the 
periphery  will  be  still  proportioned  to  the  times  in  which  the 
body  describes  the  arcs  between  those  radii.  In  the  seventeenth 
proposition,  assuming  that  the  central  attracting  force  is  inversely 
proportional  to  the  square  of  the  distance  of  the  attracted  botjy, 
lie  enquires  what  will  be  tlie  path  described  by  a  body,  if  projected 
from  a  given  point,  in  the  direction  of  a  given  line  and  with  a 
given  velocity:  and  he  proves  that,  according  to  the  intensity  of 
the  projectile  force,  it  will  describe  an  ellipse  or  a  parabola  about 
the  point  of  attraction  as  a  focus :  and,  in  the  fifteenth,  he  demon- 
strates that,  when  several  bodies  revolve  in  elhpses  about  a  centre 
of  attraction  situated  in  a  common  focus,  llie  squares  of  the 
periodical  times  in  which  their  complete  revolutions  are  accom- 
plished will  be  proportional  to  Ihe  cubes  of  the  major  axes  of 
the  orbiLt,  respectively,  or  to  tlio  cubes  of  Uie  mean  distances 
of  the  bodies  from  that  focus. 

The  attractions  of  all  the  bodies  composing  the  solar  system 
being  mutual,  and  tlie  whole  attractiou  of  any  planet  towards 
the  sun  l>eing  made  up  of  tlie  attractive  force  residing  in  the 
sun,  and  of  that  in  the  planet  itsclfj  and  boUi  attractions  being 
inversely  proportional  to  tbc  square  of  the  distance  of  the 
sun  and  planet  from  each  other,  it  is  evident  that  the  first  two 
laws  of  Kepler  are  not  affected  by  this  mutual  altraction ;  both 
forces  acting  in  the  same  right  hne,  and  the  sum  of  the  two 
being  still  inversely  proporUonal  to  the  square  of  the  distance ; 

F  p  2 
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but  the  case  is  different  with  the  third  law,  which  cannot  be 
said  to  hold  good,  stiictly;    since  it  supposes  that,  at  equal 
distances  from  the  sun,  two  planets  would  be  equally  attracted, 
whereas,  the  planets  being  of  unequal  magnitudes,  or  containing 
unequal  masses  of  matter ;  at  equal  distances,  the  sum  of  the 
attractions  of  the  sun  and  any  one  planet  could  not  be  equal  to 
that  of  the  attractions  of  the  sun  and  any  other  planet;  conse- 
quently the  squares  of  the  periodical  times  of  revolution  are  not 
exactly  proportioned  to  the  cubes  of  the  mean  distances:  and 
the  correction  due  to  this  erroneous  supposition  enters  among 
those  which  it  is  necessary  to  make,  on  account  of  the  perturba- 
tions caused  by  the  mutual  attractions  of  the  planets  themselves. 
Hitherto  Newton  considers  the  bodies  attracting  and  attracted 
as  mere  points;    but  he  shews'  that  the  particles  of  matter 
composing  the  great  bodies  of  the  solar  system  are  held  together 
by  an  attractive  power  similar  to  that  which  is  in  action  between 
the  bodies  themselves ;  and,  considering  that  the  attraction  of 
the  bodies  is  made  up  of  the  attractions  of  aU  the  particles  com- 
posing them,   he  proves^  that,  when  two  attracting  spheres, 
whether  they  be  both  honiogeneous,  or  both  similar,  with  respect 
to  their  densities,  at  given  distances  from  the  centre,  are  situated 
at  different  distances  from  each  other ;  their  mutual  attractions 
are  directly  proportional  to  the  masses,  and  inversely  propor- 
tional to  the  squares  of  the  distances :    and,  in  the  eighth  and 
ninth  corollaries  to  the  latter  proposition,  he  shows  that  the 
propositions,    before  demonsti*ated,   relative  to  tlie  motion  of 
points  about  tlie  foci  of  tlie  conic  sections,  hold  good  when  both 
the  central  and  the  revolving  bodies  arc  attracting  spheres.  The 
laws  which  Kepler  had,  with  so  much  laboiur,  proved  to  exist 
among  the  bodies  of  the  solar  system,  are,  thus,  proved  to  be 
necessary  consequences  of  the  attractive  principle  which  resides 
in  all  tlie  matter  of  tlie  universe,  and  which  vaiies  in  intensity 
according  to  the  squares  of  the  distances,  inversely,  as  above 
assumed :  and  the  manner  in  which  a  planetary'  body,  subject 
to  the  action  of  an  attractive  force  in  tlie  sun,  and  urged  by  an 
impulsive  force  in  another  direction,  revolves  in  an  ellipse  about 

■ 

*  Princip.  Lib.  III.)  Prop.  7)  cor.  1.  ^  Jbid.  Lib.  I.  Prop.  ^4  and  70> 
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tb at  luminary,  may  be  explained  by  supposing  the  impulsive 
force  to  bavc  been,  originally,  greater  or  less  than  that  which 
would  be  necessary  to  allow  llie  revolving  body  to  move  in  a 
circular  orbit ;  on  the  supposition  that  the  impulsive  force  is 
less,  the  jilancl,  approaching  continually  nearer  the  sun  by  the 
excess  of  the  attractive  above  the  other  force,  acquires  an  aug- 
mentation of  1  flocity,  because,  the  sun's  attraction  being  decom- 
posed in  the  directious  of  a  tangent,  and  of  a  nonnal  to  the 
orbit,  the  former  pari  is  coincident  with  the  direclioa  in  which  tlic 
inipidsive  force  acts  on  the  planet ;  but  an  augmentation  of 
▼vincity  is  necessarily  attended  with  an  augmentation  of  the 
centrifugal  force,  and,  when  this  becomes  equal  to  tlie  centri- 
pdul,  or  attracting  force,  the  planet  must  be  in  periheliu ;  for, 
afterward,  the  former  becoming  greater  than  the  latter  force, 
the  planet  recedes  from  the  sun,  and  that  decomposed  part  of 
the  centripetal  force  which  coincides  with  the  tangent  to  the 
orbit,  acts  in  a  direction  contrary  to  that  of  the  impulsive  force; 
hence  the  velocity  of  the  planet  diminishes  and,  witli  it,  the 
centrifugal  and  centripetal  forces ;  and,  these  diminutions  taking 
place  by  the  same  degrees  as  the  augmentations  on  the  opposite 
side  of  the  hne  of  iJie  apsides,  the  planet  is  necessarily  caused 
to  return  to  the  point  from  whence  it  set  out,  and  the  former 
movement  is  repeated.  In  tike  maimer,  if  a  secondary  jilanet 
be  attracted  towards  its  primary,  and  be  made  subject  to  the 
action  of  an  impulsive  force  in  another  direction,  it  is  evident 
that  this  secondary  may  be  made  to  revolve  in  an  eIU)>tical 
orbit  about  the  principal  planet,  ■  while  the  latter  revolves,  as 
above  explained,  about  tlie  sun ;  and  thus  is  constituted  a  sys- 
tem of  llirec  bodies,  like  that  of  the  sun,  earth,  and  moon. 

The  proportions  subsisting  between  the  periodical  limes  of 
revolution  and  the  distances  of  the  revolving  bodies  from  tlio 
centre  of  attraction,  being  found  to  be  tlie  same  for  the  earth 
fuid  all  the  planols  which  revolve  about  the  sun  ;  it  is  evident 
that  the  sun  is  tlie  common  focus  of  attraction  for  these  bodies, 
and  that  the  [lowcr  which  retains  tlie  earth  in  its  orbit  is  tlie 
same  as  that  which  retains  the  others ;  since,  if  the  distances  of 
ihc  planets  from  tlie  sun  were  all  equal,  the  periodical  times  of 
revolution  would  be  equal,  and  the  planets  would  be  attracted 
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with  forces  of  equal  intensity  towards  the  centre  of  the  system : 
but  what  is  proved  of  the  attracting  power  residing  in  the  son 
is  proved,  also,  of  that  which  resides  in  all  the  planets  that 
have  satellites ;  for,  as  the  movements  of  these  about  their  pri- 
maries are  subject  to  the  same  laws  as  those  of  their  primaries  about 
the  sun,  it  follows  that  the  Earth,  Jupiter,  and  Saturn,  possess 
also  an  attractive  power  which  varies  io  the  inverse  duphcate 
ratio  of  the  distance ;  and  thus  the  universality  of  the  gravitating 
principle  is  established.  And,  as  the  attractions  of  the  earth 
and  planets  are  found  to  extend  to  their  respective  satelhtesi 
it  cannot  be  doubted  that  they  extend  far  beyond,  though  with 
diminished  force ;  and,  consequently,  that  the  planets  react  on 
the  sun  and  mutually  attract  each  other ;  hence  we  conclude 
that  they  must  produce  perturbations  in  each  other^s  motions, 
and  that,  from  this  cause,  the  observed  velocities  of  the  planets 
cannot  be  such  as  would  result  from  a  simple  elliptical  motion. 

From  the  degree  of  attractive  power  exercised  by  the  planets 
upon  their  satellites  in  producing  the  movements  observed  in 
the  latter,  Newton  was  enabled,  and  such  a  discovery  could 
not,  in  a  former  age,  have  been  imagined,  to  determine  the 
quantities  of  matter  in,  and  the  densities  of  those  planets  which 
are  attended  by  sateUites";  the  d^isities  of  the  other  planets, 
Mercury,  Venus,  and  Mars  can  only  be  ascertained  indirectly 
and  with  much  uncertainty. 

In  consequence  of  the  mutual  attractions  of  the  planets,  it 
follows  that  the  sun  is  not  quiescent  in  a  common  focas  of  their 
orbits,  Newton  shews,  howe^ver**,  that  the  common  centre  of 
gravity  of  the  sun  and  planets  is  never  distant  from  the  centre  of 
the  Sim  so  much  as  one  diameter  of  that  luminary;  and,  in  the 
corollary,  he  asserts  that  this  common  centre  of  gravity  is  to  be 
considered  as  the  true  centre  of  the  solar  system :  he  supposes 
it  immoveable,  but  modem  astronomers  are  of  a  different  opinion, 
and  there  is  reason  to  believe,  from  the  variations  which  have 
been  obsened  in  the  relative  distances  of  certain  fixed  stars, 
situated  in  opposite  parts  of  the  heavens,  that  it  is  moving 
directly  towards  that  quarter  in  which  are  the  constellations 

*  Priiicip.  Lib.  III.  Prop,  a  cor.  2.  3.  ^  Ibid.  Lib.  IIL  Prop.  18. 
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Aquila  and  Hercules,  or  tbat  it  is  performing  a  revolution  about 
some  unknown,  but  immensely  remote  point  of  space. 

Since  the  mutual  attractious  of  the  sun  and  planets  must, 
necessarily,  change  the  simplicity  of  the  original  law  of  move- 
ment ;  the  planets,  on  this  account,  cannot,  strictly  speaking, 
describe,  about  the  sun,  elliptical  orbits,  nor  areas  proportional 
to  the  times:  but  Newton  shews'  that  in  a  system  of  bodies 
moving  about  one  considerably  greater  than  all  the  rest,  and 
such  is  the  case  with  Hie  system  to  which  we  belong,  the 
proportional  areas  and  t]ie  elliptical  orbits  are,  by  those 
pbuets  which  have  no  satellites,  described,  very  nearly,  about 
the  common  centre  of  gravity;  and,  with  respect  to  eacli  of 
those  planets  which  have  satellites,  tlio  Earth,  Jupiter,  and 
Saturn,  he  observes^  tliat  it  is  the  common  centre  of  gravity  of 
the  primary  and  all  its  satellites  which  describes,  nearly,  the 
elliptical  orbit  and  areas  proportional  to  the  times.  He  adds 
tliat  Uie  sun,  himself,  is  made  to  describe  an  orbit  about  ihu 
common  centre  of  gravity  of  the  system;  that  the  earth  and 
moon  revolve  abont  their  own  common  centre,  in  a  monlli;  and, 
in  like  manner,  eacli  primary  planet  and  its  aocondaries  revolve 
about  the  centre  of  its  particular  system. 

Newton  admits  thai  the  tbrce  of  the  attraction  exercised  by 
ihe  planel«  on  one  another  should  be  taken  into  consideration, 
in  a  theory  of  their  motions:  he  observes  that,  at  the  conjunc- 
tions of  Jupiter,  Saturn  and  the  sun,  the  attractions  exercised 
by  the  first  and  last  on  Saturn  are,  to  one  ouuUier,  in  tlic  ratio  of 
I  to  311,  nearly;  and  be  shews  that  there  arises  a  sensible 
perturbation  in  the  orbit  uf  Satuni  by  the  action  of  Jupiter; 
from  wliich,  according  as  Uie  former  happens  to  be  situated,  with 
respect  to  the  line  of  its  ajisides,  at  tlie  time  of  the  conjunction, 
the  eccentricity  may  be  augmented  <)r  dimiuishcd;  its  aphelion, 
also,  will  be  made  to  advance  or  to  retrograde,  and  its  mean 
motion  accelerated  or  retarded:  the  whole  error  in  the  mean 
motion  of  Saturn  he  supposes  to  be  &\ual  to  abont  two  minutes 
annually',  but  he  considers  Uiis  quantity  to  be  superior  to  the 
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error  produced  by  a  similar  cause  in  the  mean  motions  of  anr 
of  the  other  planets. 

In  all  his  investigations,  Newton  supposed  the  apsides  and 
nodes  of  a  planet's  orbit  to  be  immoveable  and,  in  fact,  in  hb 
time,  the  observations  were  not  sufficiently  precise  to  put  the 
question  concerning  the  quiescence  or  motion  of  the  apsides 
quite  beyond  a  doubt;  yet  he  shews  how,  by  a  law  of  atlractioD 
differing  from  that  of  the  square  of  the  distances,  inversely,  i 
movement  of  those  points  must  necessarily  take  place:  he 
proves  also,  that  the  movements  would  be  retrograde  if  the 
attraction  were  inversely  proportional  to  a  power  of  the  distance 
less  than  tlie  square,  and  direct,  if  inversely  proportional  to  i 
power  greater  tlian  the  square ;  and,  as  an  example,  he  calculates 
that,  if  the  centripetal  force  were  inversely  as  the  power  2  —  of 
the  distance,  the  revolving  body  would  go  through  an  angle  of  36$ 
degrees  during  the  time  of  a  revolution  from  one  extremity  of 
the  major  axis  to  the  same;  and,  consequently,  that  tliis  exUe- 
mity  would  advance  tlu-ee  degrees  during  the  revolution.  His 
inference  is,  that  such  would  be  the  result  if  an  external  or 
peiturbating  force  should  act  upon  a  planet  to  alter  its  gravitation 
to  the  sun,  from  the  general,  to  that  particular  law. 

To  explain  the  theory  of  perturbation  in  a  system  of  three 
bodies,  consisting  of  the  sun  and  two  planets  of  which,  every  one 
attracts  the  others.  Let  s  [Plate  V.  fig.  4.J  be  the  sun ;  m  the 
disturbed  planet,  moving,  originally,  in  the  elliptical  orbit  P  M  a, 
and  p'  the  disturbing  ])lanet,  whose  orbit  is  here  supposed  to  be 
on  the  exterior  of  the  other;  join  p'  and  m,  and  draw  the  line 
p'  p  through  s.  Take  M  c  to  represent  the  sum  of  the  attractions 
of  M  and  p',  at  the  distance  p'  m,  on  each  other,  and  resolve  it 
into  the  forces  m  n  and  m  d,  of  which  the  former  is  equal  to  the 
sum,  and  parallel  to  the  directions  of  the  attractions  of  r'  and  s 
on  each  other;  then  the  force  m  b,  expressing  tliat  part  of  the 
disturbing  force  of  p'  which  acts  equally,  and  in  parallel  dit 
rcctions  on  m  and  s,  produces  no  change  in  the  relative  poc^itions 
of  those  two  bodies ;  M  D  is,  tlierefore,  the  only  force  we  have 
to  consider;  let  this  force  be  resolved  into  the  two  forces  m  k 
and  M  F,  of  which  the  former  acts  in  the  direction  of  the  radius 

•  Princip.  Lib.  I.  Prop.  43. 


rX.]  DEVELOPED    IIV   NBWTOM.  441 

vector  M  s,  and  the  olber,  in  that  of  a  tangent  to  the  orbit  of  m. 
Now,  while  the  force  M  !■:  tends  towards  s,  it  is  evident  thnt  the 
attraction  from  M  towards  s  is  increased  in  consequence  of  the 
disturbing  force;  but  tlie  force  M  E  is  nearly  in  direct  proportion 
to  the  distance  SI  s",  while  the  attraction  of  s  is  inversely  pro- 
portional to  the  square  of  the  same  distance:  licnee  the  whole 
attraction  of  a  on  M  is  inversely  proportional  to  a  power  of  s  H 
which  ia  less  than  the  square  and,  as  was  said  above,  the  line 
of  the  apsides  of  the  orbit  will  be  caused  to  retrograde  about  s. 
ll  is  evident  that  this  effect  will  be  the  greatest  when  the  planet 
M  is  nearly  in  quadrature  with  respect  to  s  and  p;  that  is,  at  u 
or  g',  where  Uio  tangential  force  m  f  coinciding  with  n  m,  no 
perlurbalion  in  that  direction  takes  place.  On  the  otlier  hand, 
wlicu  M  E  is  in  an  opposite  direction  to  M  s,  the  attractive  force 
of  s  upon  M  is  diminished  in  consequence  of  the  disturbing  force, 
by  a  quantity  which  is  nearly  in  direct  proportion  to  M  a;  or,  in 
other  words,  the  attraction  from  m  towards  s  is,  as  far  as  this 
distributing  force  is  concerned,  nearly  in  inverse  proportion  to 
the  distance  m  s,  while,  by  the  general  law  of  gravitation,  it  is 
inversely  proportional  to  the  square  of  that  distance ;  consequently 
the  whole  attraction  of  s  on  M  will,  iu  the  present  case,  be 
inversely  proportional  to  a  power  of  a  m  which  is  greater  than 
the  square ;  and  it  ivill  follow  that  the  line  of  the  apsides  will 
move  in  direct  order  about  s;  the  effect  will  be  the  greatest  when 
the  planet  M  is  in  conjunctiuti  with,  or  in  opposition  to  p*,  at 
which  times  tlie  tangential  force  H  F  vanishes. 

It  is  a  consequence  of  this  variation  iu  the  attraction  of  s  upon 
M  that  die  orbit  of  this  i>lanet  is  rendered  more  or  less  eccentric 
according  to  the  jiosition  of  llie  line  a  P,  of  tlje  ajisides,  willi  re- 
Bp4?ct  to  tlie  line  p  s ;  when  tlie  former  is  in  coincidence,  or 
nearly  sn,  with  the  latter  or,  as  it  is  said,  when  the  line  of  ap- 
udes  is  in,  or  about  the  syzygy,  the  eccentricity  is  increased  ; 
aud  a  contrary-  effect  takes  place  when  the  line  of  apsides  is  in, 
or  nearly  in  quadrature,  that  is,  at  right  angles  tu  P  s.  It  is  ex- 
plained by  Newton ''  that,  in  the  first  case,  the  planet  M,  in 
passing  from  the  ajihelion,  towards  the  perihelion  point,  being 
disturbed  by  a  pcrgietual  accession  of  new  forces  tending  to  s, 
■  Prinrip.  Lib.  I-  Proji.  M,  oor,  7-  '  Ibid.  cor.  0. 
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>.  _-  'jitz  Liurr  :«  r:^-  *xji=rc  -k^zkzl  lie  lines  oc  ikxie«  ^  cc-iz»- 

v.r  .r:i:  .c'  -Jii.*  3  .iz*:t  ^:  tpitLs  lie  pLiSie  oc  chie  ec&pcc.  #0  thai  the 
-f.Lr^L:-  n  ,c  -Jir  :t:  pLuitei  ii^i.  oona^hmentiT.  the  Lititaile  ot 
LV:  I'-Li-t  TTiZ  ■^z.'lrrrc-  v  irianoc;^  iz>irpes(d£nt  of  those  which 
»..!■:  r,»r  if:xz*:ri-:i.cr»i  in  aa  imiii?tiirbed  eOiptical  orbit;  and 
iTir  Tnrc:  •.:'  tlii*  aitraction  wilL  ot  coane.  be  the  greatest  when 
ih^-  rirfj-i-r-s  az*:  :ii  'iiiirinture.  V\'hen  the  planet  3f  is  in  either  node 
;%,iifL  al.-.'.  wLt.-D  ai  CHj  'k^rr^tes  from  thence,  it  is  erident  that  the 
SLi:T^:U*jU  tji  p  u  ill  havv  no  effect  in  changing  the  places  of  the 
riMlr->  :  Lijt.  in  «.-v*  r\'  oiher  position  of  the  planet,  the  decom}>osed 
part  of  till:  attractit/ii  of  P ,  which  i»  perpendicular  to  the  ecli|v 
tir:,  Ut^f:ih*:T  with  the  force  which  causes  the  planet's  motion  in 
tli«;  orhit,  prrxluce  a  force,  oblique  to  the  plane  of  the  ecliptic, 
by  Hliich  the  din-ctioii  of  the  planet's  path  is  changed,  and  made 
to  iiiii:rM'Ct  th(;  ecliptic  in  various  places  and  at  variotis  inch- 
nalioiiM  according  to  the  intenhities  of  the  acting  forces;  so  that 
bfflli   tlic  original  inclination  is  pcq^etually  clianging  and  the 
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nodes  are  made  to  move  uiicquably  on  the  ecliptic,  in  relrograde 
nrder;  and  Newton  observes*  tbat,  aiiice  ihe  nodes  are^itber 
stationary  or  moving^  tlius,  in  arilecedeitlia,  upon  tlie  whole,  in 
eacb  revolution  about  tlie  bus,  ihcy  are  made  to  retrograde, 
with  respect  to  the  places  of  the  fixed  stars.  He  adda**,  that 
if  p'  be  very  remote,  when  its  place  is  compared  with  those 
of  the  other  two  bodies,  the  incoii  motion  of  the  aphelion  will 
be  nearly  in  a  constant  ratio  to  the  mean  motion  of  the  nodes ; 
both  b^ng  directly  propoi-tional  to  the  periodical  time  of  the  re- 
volution of  u  about  8,  and  inversely  proportional  to  tlie  square 
of  the  periodical  time  of  the  revolution  of  p'  about  s. 

The  perlurbating  force  exercised  by  an  inferior,  on  a  superior 
planet  produces  effects  similar  in  kind  but,  generally,  contrary 
in  direction,  to  that  exercised  by  a  superior  on  an  inferior 
planet;  and  the  circumstances  above  exhibited  will  apply  to  the 
disturbing  force  exercised  by  the  sun  on  llie  moon,  if  we  sup- 
pose the  former  to  be  represented  by  p' ;  the  latter,  by  m,  and 
if  8  represent  the  earth. 

If  the  inoon*s  orbit  were  undisturbed,  the  equation  of  the 
centre,  which  depends  on  tlic  angle  at  the  moon,  subtended  by 
the  eccentricity  of  the  orliit,  or  by  tlie  distance  of  its  centre 
from  one  of  the  foci,  would  be  always  the  same  when  the  ano- 
maly, or  distance  of  the  moon  from  cither  apsis,  is  the  same. 
But,  as  we  have  seen  that  tlie  pcrturbating  force  in  M  s,  the 
radius  vector,  increases  llie  eccentricity  of  the  orbit  when  the 
moon  and  the  line  of  the  apsides  is  in  or  near  the  syzygies,  and 
diminishes  it  when  the  moon  and  the  line  of  the  apsides  is  in  or 
near  the  quadratures  i  and,  as  the  moon's  gravity  to  the  earth  is 
always  augmented  when  she  is  in  quadrature  and  ihminished 
when  in  syzygy  by  the  action  of  the  same  distiu-bing  force,  it 
follows  that,  when  the  apsides  are  in  syej-gy  and  the  moon  in 
quadrature,  the  augmentation  of  the  eccentricity  is  the  greatest ; 
and,  when  the  apsides  are  in  quadrature  and  the  moon  in  syzygy, 
the  diminution  of  the  eccentricity  is,  also,  the  greatest :  again, 
the  equation  of  the  centre  augmenting  and  diminishing  with  tlie 
eccentricity,  its  maximum  and  minimum  state  will  coincide, 
respectively,  with  the  two  last  mentioned  situations  of  the  moon 
*  Prindp.  Lib.  I.  Prop.  66.  cor.  II.  >  Iliid.  oor.  16- 
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and  the  lioe  of  her  apsides ;  and  its  mean  state,  with  the  two 
former.  Now  the  ancients,  prerioiisljr  to  the  tiine  of  Ptolenr, 
determined  the  equation  of  the  centre  by  means  of  the  eclipses 
of  the  son  and  moon :  that  is,  for  times  when  the  m€x>n  was  in 
the  sFzygies ;  and,  according  to  Hipparchns,  when  the  ^qisdes, 
al>o,  were  so  sitnaterj,  the  equation  was  equal  to  6®  SiX,  bid, 
when  in  quadrature,  to  five  degrees  only.  Rolemv,  on  the  other 
hand,  observing  the  mtX)n  when  in  quadrature^  foond  that  if  the 
apsides,  also,  were  in  quadrature,  the  equation  wrw  &*  20^ ;  and, 
if  in  syzvg}-,  it  amounted  to  T^  40 .  The  diflference,  therefore* 
between  the  mean  state  and  either  of  the  extremes,  which  is 
equal  to  1**  20,  he  denominated  the  second  lunar  inequahtv; 
and  this  is  the  equation  which  was,  subsequently,  designated 
the  evection,  and  whose*  physical  cause  has  been  above  explaio- 
ed.  The  evection  vanishes  when  the  moon  is  in  svzvsrv,  and 
then,  the  equation  of  the  centre  coincides  with  that  determined 
by  Ilipparchus  ;  but,  whetlier  the  apsides  be  in  syzygy  or  qua- 
drature, il'  tlie  moon  be  in  tlie  latter  position,  the  evection  is  a 
maximum  for,  then,  the  equation  of  the  centre  difiers  by 
about  1°  20  from  the  values  assigned  to  it  hy  that  ancient 
astronomer. 

It  is  remarkable  that  Newton  does  not  enter  into  any  compu- 
tation concerning  the  effects  of  the  perturbation  last  mentioned ; 
he  merely  shews  *  the  proportion  which  the  disturbing  force  of 
the  sun,  in  the  direction  of  the  radius  vector,  bears  to  gravity ; 
and  he,  probably,  considered  that  the  particular  values  might  be 
easily  deduced  from  what  he  had  said  in  the  sixty-sixth  propo- 
sition of  his  First  Book.     But  that  inequahty  of  the  moon^s 
motion  which  is  called  her  variation,  and  which  was  discovered 
by  Tycho  Brahe,  is  shewn,  in  the  twenty -sixth  and  twenty-ninth 
propositions  of  the  third  book,  to  depend  upon  that  decomposed 
part  of  the  sun's  attraction  of  the  moon  which  acts  in  the  direc- 
tion of  a  tangent  to  her  path  about  the  earth,  as  above  explained; 
this  force  alternately  accelerates  and  retards  the  movement  of 
the  moon  in  the  different  quadrants  of  her  orbit,  and  is  retluced 
to  nothing  in  the  conjunctions  and  oppositions  because,  then, 
the  whole  attraction  of  the  sun  acts  in  the  radius  vector ;  it  is, 
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also,  nothing  in  tJie  quadratures,  eincc,  lliere,  the  tangenlial 
ibrce  is  ci^ual  to  the  attraction  exercised  on  llic  earlli,  by  tlie 
Bun ;  in  consequence  of  which  no  change,  on  this  account,  takes 
place  in  the  moon's  motion  relatively  to  that  of  Uic  earlli ;  but 
its  effects  are  the  greatest  when  the  moon  is  in  tlie  octants,  or  at 
45  degrees  from  the  points  of  syzygy  and  quadrature,  in  which 
situations  it  amounts  to  35'  42 '  neaily.  Newton  malies  it  equal 
to  35'  10",  but  he  supposes  the  earth  to  be  in  the  centre  of  the 
moon's  elliptical  orbit,  and  he  has  neglected  tbe  difference  arising 
from  the  cllipticily  of  the  orbit  of  the  eartli. 

A  fourth  inequality  of  tlio  uoou's  motion,  which  was  disco- 
vered by  Kepler,  and  is  called  her  annual  equation,  is  shewn  by 
Newton,  in  tlie  scholium  to  the  tbirty-fil\h  proposition  of  the 
third  book,  to  arise  from  tlie  variations  in  the  dimensions  of  the 
moon's  orbit,  caused  by  the  different  degrees  of  attraction  ex- 
ercised by  tbe  sun  on  the  earth  in  different  seasons  when, 
from  the  cllipticity  of  the  orbit,  the  earth  is  at  different  dis- 
tances from  him.  'Dms,  at  the  time  tlie  earth  is  in  perihelio» 
and  tlie  moon  in  syzygy,  the  increased  attraction  of  the  sun 
causes  a  corresponding  increase  in  the  length  of  tlic  major  axis 
of  the  moon's  orbit ;  and,  in  the  aphelion,  a  contrary  eiiect  lalios 
place  by  the  diminished  attraction ;  but  llie  moon  moves  slower 
when  her  orbit  is  expanded,  and  faster  when  contracted ;  and, 
for  the  moon's  movement  in  longitude,  he  makes  the  amount  of 
the  equation,  when  a  maximum,  equal  lo  11'  50":  at  present, 
astronomers  malie  it  something  less. 

These  four  inequalities  of  tbe  moon's  motion  are  all  that  were 
discovered  by  obsen-aiion,  but  the  tlieorj-  of  gravitation  has 
made  us  acquainted  with  twenty-eight  oUiers,  which  probably 
never  would  have  been,  without  it,  distinguished  from  each  other; 
of  tliese  Newton  mentions  one  which  he  denominates  the  semi- 
annual equation,  and  which  he  shews  to  arise  from  tlie  different 
posiUons  assumed  by  tlie  hue  of  the  moon's  nodes ;  when  this 
line  passes  through  the  sun,  the  whole  attraction  of  the  latter  is, 
evidently,  exerted  in  llie  plane  of  the  ecliptic  ;  but,  in  propor- 
tion as  it  deviates  from  that  position,  tlie  attraction  is  diminished 
by  the  obliquity  of  iLs  line  of  action  to  that  plane ;  and,  thus, 
variations  take  place  in  the  moon's  movement :  the  inequality 
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iff  a  maxiTnum  when  the  nodes  are  m  the  octaaxs  wzsh  zocectv 
ihe  Mini,  and  then,  accofding  to  Xewton.  it  jim^mi^wm.  ^-  47  fe^ 
coiulft ;  It  IH  now  made  equal  to  about  dO  secoiii&^  aad  rs&saa 
twice  in  a  year,  at  the  times  when  the  nodes  are  m  ccshDCsn 
with  the  ftun. 

'Ilic  cau8e  of  the  retrogiade  moremeiit  o€  the  nodes  <2C  ar 
planet's  orbit  is  explained,  as  we  haTe  sakL  in  the  nzst  bocs  of 
tin;  I'rincipia;  and  Newton  computes *, fomn  tlie  thearj  there  o^ 
liiUrd,  that  the  mean  annual  motion  of  the  mooa's  oode^.  rr> 
<hi(!cd  by  the;  sun's  attraction,  is  equal  to  aboot  19^  Ir.  He 
d(H;s  not  enter  into  any  investigation  concemizi^  the  jzdlusi  oi 
the  ])rogn*ssion  of  the  moon's  apogeum,  bat  he  asserts^,  aad 
prolnibly,  by  observations  made  in  his  time  it  had  been  feond. 
that  it  was  equal  to  about  three  degrees  in  each  rerolmion  of  ibe 
moon.  The  cause  of  the  progression  of  the  i^>sides  of  any  ofiiil 
is  sbewn  in  the  ])roposition  last  quoted;  and  it  is  observed^ 
that  the  variations  in  tlie  degree  of  solar  attraction  will  prodiic« 
(•orreH])on(ling  variations  in  the  movements  both  of  the  apsides 
and  no<lc;H. 

'Vha  ])artic1cs  of  matter  composing  the  earth  b<?ing  endowed 
with  attniclive  qualities  it  is  evident  that,  if  the   earth  had  do 
inovenic>nt  of  rotation,  those  particles  would  arrange  themselves 
uniformly  aliout  the  centre  of  the  mass,  which  would,  then,  as- 
Hiiuie  t)i<!  figure  of  a  perfect  sphere;  but,  in  consequence  of  that 
rotation  on  its  axis,  the  particles   acquire  a  ccntriibgal  Ibrce 
which  is  HO  much  the  greater  in  each,  as  the  particle  is  more 
distant  from  the  axis  of  revolution ;  hence,  the  matter  about  the 
ecjuatorial  nigions  was  compelled  to  recede  from  the  centre  till 
an  equi1il)rium  took  place  between  the  attractive  and  centri- 
fugal forc(*H,  and  Uie  matter  about  the  poles  subsiding  towards 
the  C(;ntre  to  supply  the  deficiency  there,  it  followed  that  the 
(^quatoritd,  (exceeded  tlic  ])olar  diameter  in  length,  and  the  earth 
assumed  the  fonn  of  an  oblate  S])heroid  ^, 

In  investigating  the  figure  of  the  earth,  Newton  supposes  that 
the  latter  was  originally  a  fluid  mass  revolving  on  its  axis  ;  that 
its  particles  mutually  attract  each  other,  and  that  every  part  of 
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the  surface  is  in  equilibrio  between  the  gntritating  and  centri- 
fugal forces;  and  he  concludes'  that  the  ratio  of  the  polar,  to 
the  equatorial  diameter  is  as  229  to  230 :  he  shews,  also,  that  the 
forces  of  gravity  at  the  poles  and  at  the  equator  are  inversely 
proportional  to  the  lengths  of  those  diameters ;  and  that,  in 
proceeding  towards  the  equatorial  regions,  the  diminution  of 
intensity  is  proportional  to  tlic  square  of  the  sine  of  the  latitude. 
The  hypothesis  of  Newton  was,  immediately  afterward,  modified 
by  Huygcus,  who,  assuming  that  the  earth  is  a  spheroid  com- 
posed of  infinitely  thin  strata  diminishing  in  density  from  tlie 
centre  to  the  surface,  and  infinitely  great  at  the  centre  itself; 
and,  also,  considering  that  each  particle  tends  towards  the  centre 
of  gravity  of  the  terrestrial  mass,  with  a  force  inversely  propor- 
tional to  the  square  of  its  distance  fiom  that  point,  obtained  a 
value  of  the  comprcssioti  which  La  Hace  considers  as  exceed- 
ing the  true  value,  while  that  fouud  from  the  preceding  hypo- 
thesis falls  short  of  it.  Now  it  is  shewn  by  Newton  ''  that  the 
attmctive  influence  of  a  body,  exerted  obliquely  upon  the  an- 
nular protuberance  of  another  body,  whose  form  is  spheroidal 
and  which  is  endowed  botli  wilJi  a  rotation  on  its  axis  and  a  re- 
volution about  the  attracting  body,  will  produce  a  variation  in 
the  obUquity  of  the  axes  of  tlie  two  movements  and  a  retrograde 
movement  of  the  nodes  of  the  protuberance :  but  the  earth's 
protuberant  equator  is  inclined  to  the  ecliptic,  which  is  (he 
plane  of  the  earth's  revolution  about  the  sun,  iu  an  angle  of 
about  23^  degrees ;  and,  tlierefore,  a  decom{K>sed  part  of  the 
solar  attraction,  acting  upon  the  equatorial  regions  of  the  earth 
perjicndicularly  to  the  ecliptic,  combined  with  the  force  with 
which  a  point  on  the  circumference  of  the  equator  revolves 
about  the  axis  of  the  latter,  will,  necessarily,  produce  a  con- 
tinual diminution  of  tlie  obliquity  of  the  ecliptic  and  a  retm- 
gradation  of  the  equinoctial  points ;  just  as  the  attraction  of  tlie 
sun  on  the  moon,  combined  with  her  revolution  in  her  orbit, 
causes  a  variation  in  tlic  obliquity  of  that  orbit  and  a  retro- 
gradation  of  its  nodes :  supposing  the  excess  of  the  terrestrial 
spheroid  above  the  inscribed  sphere  to  surround  the  equator  of 
the  sphere  like  a  ring,  Newton  finds  tJiat  the  amount  of  the  retro- 
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grauia^Ui'm  of  the  eqnmoctial  points  would  be,  to  that  of  the 
mooB*ft  nodes,  io  the  same  propoctioa  that  the  sidereal  daj  bean 
to  the  period  of  a  sidereal  rerofaition  of  the  ibood  \  He  shews^ 
howeTer,  that  this  result  reqnires  modificatiofi  because  the  ling, 
by  adberhig  to  the  terrestnal  sphere,  comnmnicates  to  the  latter 
its  own  retrograde  moTemenU  which  renders  the  actual  retro- 
gradation  of  the  equinoctial  points  less  than  that  of  the  nodes 
of  the  ring,  in  the  proportion  of  the  mass  of  the  ring  to  that  of 
the  earth. 

The  action  of  the  moon  upon  the  equatorial  regions  of -the 
earth  produces,  also,  changes  in  the  obliquity,  and  a  retrogradii- 
tion  of  the  erjuiooctial  points ;  but  the  intensity  of  her  attraction 
is  more  variable  tlian  that  of  the  sun,  because  the  influence  of 
the  former  body  can  only  be  directed,  in  the  same  manner,  to 
the  same  points  of  the  equator,  at  the  end  of  every  revolution  of 
her  nodes.  In  the  proposition  above  quoted  Newton  has  ex- 
pressed his  determination,  from  theon',  of  the  mean  annular 
amount  of  the  retrogradation ;  of  which  the  part  due  to  the  solar 
attraction  is  stated  to  be  about  9  seconds,  and  that  due  to  the 
general  attraction  of  the  moon,  41  seconds,  nealrly ;  hence  tlie 
whole  is  made  equal  to  about  50  seconds.  From  the  movement, 
thus  explained,  of  the  equinoctial  points,  arises  the  observed 
general  precession  of  the  stars,  whose  longitudes  are  reckoned 
from  one  of  those  points,  and  its  amount  is  nearly  the  same  as 
that  which  is  assigned  by  Newton.  Tlie  variations  of  tliese  at- 
tractions Newton  docs  not  consider,  but,  in  the  twenty-first  pro- 
position, speaking  of  the  solar  nutation  of  the  earth^s  axis,  he 
obser>x*8  that  it  must  be  very  small  and  scarcely  perceptible. 

The  attractions  of  the  sun  and  moon  are  proved,  also,  to  be 
the  causes  of  the  tides  raised  in  the  ocean,  and  Newton's  ex- 
planation of  these  phenomena  is  contained  in  the  corollaries  to 
the  sixty -sixth  proposition  of  his  first  book.  In  the  second,  he 
shewK  that  any  body  revolving  originally  in  a  circular  and  tmi- 
form  manner  about  the  earth,  and  disturbed  by  the  attraction  of 
the  Hiui,  will  have  its  velocity  continually  accelerated  in  its  ap- 
proach towards  the  points  of  conjunction  and  opposition  with 
tlie  smi,  and  conthuially  retarded  in  its  approach  towards  the 

*  Princip.  Lib.  III.  Prop.  30. 


XX.]  DEVELOl'EIJ    BY    NBWTOX.  449 

points  of  quftdralHTC ;  and  the  same  thin^  is  shewn  *,  of  a  ring 
of  fluid  particles  Giirrounding  the  earth  in  the  plane  of  the 
equator;  sach  a  fluid  ring,  tlierefore,  representing  an  ocean  so 
Kitnated,  it  is  evident  that  the  velocity  of  the  fluid  pnTticles  in 
syzygy,  being  greater  than  that  of  the  sohd  matter  of  tlie  earth, 
an  elevation  of  the  fluid  will  t}iere  take  place  which,  conse- 
quently, by  the  revolution  of  the  earth  on  its  axis,  will  cause 
two  high  tides  to  be  raised,  at  any  one  place,  in  the  time  of  a 
diurnal  revolution;  by  the  diminished  velocity  of  the  fluid  in 
quadrature,  there  will,  also,  be  two  low  tides  in  the  same  time, 
like  effects  are  supposed  to  be  produced  by  the  attraction  of 
the  moon  on  the  waters;  and,  in  the  twenty -fourth  proposition 
of  the  tliird  book,  it  is  shewn  that  the  tides  will  be  higher  than 
onhnary  when  the  luminaries  are  in  conjunction  and  oppo- 
sition i  and  lower,  when  one  is  in  quadrature  and  the  other  in 
xyzygy :  thus  are  the  spring  and  neap  tides,  which  occur  alter- 
nately twice  in  each  niontli,  accounted  for.  Newton  shews, 
also,  that  the  highest  waters  are  continually  taking  place  at  two 
oppouite  points  of  the  earth's  surface  which  have  the  moon  near 
their*zenitli  or  nadir;  hence,  when  the  luminary  has  consider- 
able declination  from  tlie  equator,  it  follows,  on  account  of  the 
obliquity  of  the  earth's  axis  of  rotation  to  the  line  of  the  apsides 
of  the  spheroid  fonned  by  the  lunar  attraction,  that  the  tide 
raised  when  the  luminary  is  on  the  meridian  of  a  place,  or  rather 
when  it  has  recently  passed  it,  is  considerably  higher,  or  lower, 
than  that  which  occurs  after  twelve  hours,  at  tlje  same  place. 
He  calculates  moreover"  that,  in  llie  open  seas,  the  siui's  attrac- 
tion is  sufficient  to  raise  the  tides  nearly  two  feet  above  the 
mean  level,  and  that  of  the  moon,  about  9  feet ;  so  that,  when 
the  luminaries  act  together,  their  united  powers  will  raise  them 
1 1  feet ;  but  this  is  independent  of  the  local  and  other  causes 
which  may  accelerate  or  retard  the  flowing  of  the  waters. 

The  attraction  exercised  by  the  earth  on  the  moon,  combined 
with  the  rotation  of  the  latter  on  her  axis,  is  shewn  to  have 
caused  a  small  elongation  of  the  diameter  which,  when  pro- 
duced, passes  through  the  earth,  with  a  corresponding  contrac- 
tion of  that  diameter  of  the  moon's  equator  which  is  at  right 
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angles  to  the  former ;  and  to  this  is  ascribed  the  constant  |ne- 
sent^tion  of  nearly  the  same  face  of  the  moon  to  the  eaith ;  for, 
though  foreign  perturbations  maj  cause  the  former  of  these  dia- 
meters to  deviate  from  the  line  joining  the  centres  of  the  moon 
and  earth,  the  attraction  of  the  latter  will  presently  bring  it  back; 
thus,  it  will  be  made  to  oscillate  about  its  mean  position  within 
certain  limits  of  very  small  extent :  and  this  tendency  of  the 
same  face  of  the  moon  towards  the  earth  causes  her,  with  re- 
spect to  any  fixed  point  in  space,  to  make  one  revolution  on  her 
axis  during  the  period  of  one  revolution  in  her  orbit,  about  the 
earth :  and  subsequently  to  Newton's  time,  it  has  been  proved 
that,  from  the  same  cause,  the  nodes  of  her  equator  and  those  of 
her  orbit  retrograde  with  equal  velocities. 

The  latter  part  of  Newton's  third  book  contains  his  theoTT  of 
comets :  he  there  shews  that  they  describe  about  the  son  elUp- 
tical  cun'es  which,  however,  do  not  differ  much  from  parabolas, 
to  a  certain  extent  on  each  side  of  the  perihelion  point ;  hence 
he  considers  that  they  return,  periodicaUy,  to  the  part  we  occupy 
in  the  system,  and  he  gives  a  rule  for  determining,  by  compu- 
tation, the  forms  of  their  orbits  and  the  laws  of  their  movements 
in  them :  for  this  purpose  he  proposes  *  to  have  three  observed 
geocentric  places  of  the  comet,  with  the  positions  of  the  earth 
at  the  times  of  obsenation ;  and  to  find,  b}'  trial,  a  parabola, 
having  the  sun  in  its  focus,  and  intersecting  the  three  visual  rays 
in  the  directions  of  which  the  comet  is  seen,  in  points  correspond- 
ing with  the  heliocentric  places  which  a  body  should  have,  at 
the  given  times,  when  moving  in  an  orbit  of  that  figure.  In 
those  cometary  orbits  which  have  been  determined  by  computa- 
tion, it  has  been  found  that  the  squares*  of  the  times  of  re%'ola- 
tion  are  proportional  to  the  cubes  of  the  mean  distances ;  and, 
where  the  periodical  returns  of  comets  have  not  been  observed, 
the  velocities  of  those  bodies  in  the  perihelion  points  of  their 
orbits  have  been  found  to  be,  also,  in  the  subtriplicate  ratio  of 
their  perihelion  distances,  which  Newton  has  demonstrated  to 
be  a  law  of  motion  in  a  parabolic  curve  ;  hence  it  follows  that 
the  comets,  as  well  as  the  planets,  are  subject  to,  and  de- 
scribe their  orbits  in  virtue  of  the  sun's  attractive  power.     The 
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inequalities  of  the  tnotions  of  comets  are,  howcTcr,  far  more  con- 
sidcmblc  than  those  of  planets;  for  the  inequalities  are  propor- 
tional to  the  eccejitricitjea,  and  tie  eccentriciticB  of  comets  are 
very  great. 

On  tile  publication  of  Newton's  work,  though  to  men  of  ordi- 
nary attainments  in  science,  it  was  a  scaled  book,  and  though  it 
appears  tliat  only  a  few  of  the  first  mathematicians  in  Euro])e 
could,  at  that  time,  be  said  to  have  understood  it,  the  jealousy 
of  this  great  man's  contemporaries  was  the  cause  that  many 
efforts  were  made  to  detract  from  his  merit;  it  was  particularly 
urged  tliat  the  principle  of  gravitation  was  not  liis  discovery,  and 
that  it  had  been  clearly  announced  long  before  his  time ;  as  if 
the  claims  of  this  illustrious  philosopher  to  the  gratitude  of  pos- 
terity was  founded  only  on  the  knowledge  of  a  power  in  nature, 
and  not  on  the  discovery  of  the  means  through  which  that  power 
produces  tbe  phenomena  of  the  earth  and  celestial  bodies ;  a  dis- 
covery which  could  only  have  been  made  by  the  exertion  of  a 
transcendent  intellect,  and  wliich  has  rendered  Newton  as  much 
superior  to  any  preceding  philosopher  as  the  man  who  dispenses 
his  wealth  for  the  benefit  of  his  species  is  to  one  who  suffers  it 
to  remain  unproductive  in  his  coffers.  It  is  true  that  Kepler 
supposed  the  existence  of  an  attractive  force  in  the  sun  and  pla- 
nets, and  that  he  considers  it  as  changing  witli  the  variations  of 
distance ;  but  he  was  far  from  having  any  fixed  ideas  concerning 
the  law  of  the  variations,  and  he  speaks  as  if  be  (bought  the 
movements  of  the  planets  were  the  residl  of  intelligences  or  souls 
inherent  in  those  celestial  bodies:  it  may,  also,  be  alleged,  and 
with  greater  reason,  tliat  Galileo  and  Bulhaldus  were  aware  of 
the  Inie  law  by  which  the  attractive  force  diminishes,  but,  in 
their  hands,  the  principle  remained  fniitless  since  tliey  do  not 
introduce  it  into  any  part  of  the  planetary  theory.  The  same 
thing  must  be  said  of  the  principles  eniniciated  by  Dr.  Hook, 
which  only  shew  that  the  materials  for  the  work  had  been  pre- 
pared by  different  hands  ;  tlie  architect  was  still  iranting,  and 
Newton  was  happy  in  arriving  at  the  critical  moment  to  design 
and  raise  the  edifice. 

The  law  of  attraction  which  Newton  had  assumed  was  not, 
moreover,  immediately  received  by  all  bis  contemporaries  ;  and 
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those  learned  men  who  could  not  avoid  admiring  the  profundity 
of  his  genius  in  deducing  the  most  important  phenomena  of  the 
heavens  from  a  single  principle,  nor  acknowledging  that  a  cen- 
tral attractive  force  actually  resided  in  the  sun ;  yet  felt  disposed 
to  object  to  the  principle  itself,  so  far  at  least  as  concerned  the 
mutual  attractions  of  material  bodies,  on  the  ground  that  it  seemed 
to  be  a  return  to  the  doctrine  of  occult  qualities  which  had  been, 
long  before,  so  justly  proscribed,  and  that  it  was  incapable  of 
explanation  by  any  known  laws  of  mechanical  action  ;  such  ob- 
jections, however,  fall  to  the  ground  when  it  is  considered  that 
there  is  the  same  evidence  for  the  attraction  of  gravitation  as  for 
those  of  magnetism  and  electiicity,  whose  existence  cannot  be 
doubted  though  they  are  not  apprehended  by  the  senses,  and 
tliough  no  conception  can  be  formed  of  their  mode  of  action. 
It  is,  therefore,  consistently  with  sound  philosophy  that  Newton, 
while  deducing  the  figure  and  movements  of  the  earth  and  pla- 
nets from  the  action  of  gravity,  treats  the  principle  as  a  law  of 
nature  with  whose  origin  he  has  no  concern,  but  which,  being 
adopted  as  an  h}^othesis,  is  found  to  satisfy  all  the  known  phe- 
nomena of  the  celestial  movements. 

Descartes,  as  we  have  seen,  had  attempted  to  account  for  the 
motions  of  the  planets  by  supposing  them  to  be  carried  round 
the  sun  in  vortices ;  and,  in  an  age  when  the  hypothesis  was 
generally  received  among  the  learned,  it  is  not  surprising  that 
Newton  should  have  thought  it  necessary  to  take  the  trouble  of 
refuting  it :  this  he  has  done  in  the  second  book  of  the  Prrn- 
cipia  *,  by  showing,  first,  that  the  molecules  of  a  fluid  vortex 
would  revolve  with  such  velocities  about  a  central  body  like  the 
sun,  whose  rotation  was  the  cause  of  their  motion,  that  the 
periodical  times  of  their  revolutions  would  be  proportional  to 
the  squares  of  their  distances  from  it ;  whereas  the  planetary 
bodies,  which,  as  he  shews,  ought,  by  being  carried  round  in 
the  vortex,  to  revolve  with  velocities  expressed  by  that  law, 
have,  in  fact,  their  periodical  times  of  revolution  in  the  sesqui- 
plicate  ratio  of  their  distances;  and,  in  the  next  place,  that 
since  the  interior  molecules  of  the  fluid  revolve  with  the  greatest 
velocities,  they  would  press  against  those  towards  the  exterior ; 
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and  the  whok-  being  finally  dissipated  in  inEnite  space,  the 
vortex  and  the  inorement  of  llie  bodies  placed  in  it  would,  at 
length,  cease.  To  these  argnments  he  adds,  lliat  tlie  niolions 
of  comets,  taking  place  freely  in  all  directions,  entirely  destroy 
the  hypotliesis.  But  tlie  desire  to  refer  the  laws  of  Nature  to 
mechanical  causes  as  far  as  possible  was,  in  those  days,  strongly 
felt;  and  Sir  Isaac  Newton  himself,  probably  in  compliance 
with  the  taste  of  tlie  times,  and  when  not  restrained  within  the 
limits  prescribed  by  geometry,  attempts,  but  in  the  modest 
form  of  a  query,  to  explain  the  cause  of  gravitation  by  tlie  ex- 
istence of  a  fluid  surrounding  the  sun,  and  increasing  in  density 
as  it  recedes  from  that  luminary ;  so  that  a  body  placed  in  the 
fluid  would  be  impelled  towards  Uie  sun  by  the  excess  of  tlie 
pressure  on  the  exterior,  over  that  on  the  interior  side".  It 
appears  also,  that  BeniouiUi,  dissatisfied  with  the  hypotliescs 
both  of  Descartes  and  Newton,  proposed  auolher,  in  which  ho 
imagined  a  torrent  of  fluid  matter  to  be  continually  setting  in, 
from  the  exterior  of  the  vortex  towards  the  centre,  and,  tliereby 
causing  a  tendency  of  all  the  planets  towards  the  sun.  M'ilh 
respect  to  that  of  Newton  ;  it  is  proved  by  Mr-  Vince,  in  his 
observations  on  the  hypotheses  assumed  to  account  for  the 
cause  of  gravitation'',  that  it  is  not  possible  for  any  law  of  tlie 
variations  in  the  density  of  the  fluids  iu  terms  of  the  distance  of 
its  molecules  from  the  smi,  combined  with  any  law  of  the  vari- 
ations in  the  repulsive  force  of  the  molecules  of  the  fluid,  to 
satisfy  the  laws  of  gravitation :  and  tlie  same  astronomer  jusUy 
observes,  that  all  such  li\-pothesc8  have  difficulties  as  great  as 
those  which  they  are  intended  to  solve ;  since  the  nature  of  the 
repelling  power,  by  which  is  constituted  the  elasticity  of  the 
fluid,  is  as  remote  from  our  apprehension,  and  as  much  requires 
explanation,  as  that  of  gravity  itself. 

From  tlie  wild  fancies  above  hinted  at,  it  is  with  pleasure  we 
turn  to  notice  some  remarks  of  Newton,  in  his  letters  to  Dr. 
Bentley,  in  answer  to  the  enquiries  made  by  this  distinguished 
scholar  concerning  tliat  part  of  the  philosophy  of  Epicurus  in 
which  it  is  assumed,  tliat  the  earth  and  celestial  bodies  formed 
themselves  by  the  condensations  of  a  mailer  previously  diffused, 
*  Optici,  QuMi.  tl.  *  An.  II. 
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uniformly,  through  the  universe.  Newton  first  shews  Uie  ab* 
surdity  of  supposing  that  the  particles  of  znatter,  having  a  ten* 
dency  to  unite  by  a  principle  similar  to  that  of  gravity,  couM, 
at  any  time,  be  uniformly  difiUsed  in  space  ;  since,  from  the  fint 
moment  of  their  existence,  the  condensation  must  hare  commen- 
ced :  he  then  obsenes  that,  if  matter  were  evenly  difiused  throu^ 
a  finite  space,  and  its  particles  were  endowed  with  gravity,  those 
particles  would  fall  to  the  middle  of  the  space,  and  there  fora 
one  spherical  mass ;  or,  if  diffused  through  infinite  space,  it 
would  form  an  infinite  number  of  great  masses  which,  if  the 
matter  were  lucid,  might  constitute  suns  and  stars  ;  and  he  adds, 
it  is  inexplicable  by  natural  causes  that  the  matter  should  so 
separate  itself  as  \o  form  two  different  kinds  of  bodies,  one  lucid 
like  the  sun,  and  the  other  opaque  Uke  the  planets.  Lastly,  he 
states  that  Uie  motions  which  tlie  planets  have  could  only  be 
caused  by  an  intelligent  agent:  gravity  alone,  he  obsenes, 
might  put  the  planets  in  motion  in  rectilinear  directions;  but,  to 
produce  a  circular  motion  about  the  sun,  an  independent  and 
transverse  force  is  necessary,  to  which  the  quantity  of  matter  in 
the  revolving  body  must  be  duly  adjusted. 

It  is  much  to  be  regretted  that  Newton  omitted  to  exhibit  the 
results  of  his  researches  in  formulae,  and  that  he  chose  to  de- 
monstrate his  propositions  in  the  manner  of  the  ancient  geome- 
tricians rather  than  use  the  analytic  method  to  which  he  had, 
then,  recently  made  so  important  an  addition  by  the  discovery 
of  the  infmitesimal  calculus.  This  has  thrown  a  certain  degree 
of  obscurity  over  his  reasonings  and  as,  in  a  few  instances, 
where  the  common  geometry  failed,  he  has  permitted  himself  to 
depart  from  that  practice,  there  has  arisen  a  want  of  unity  in 
his  investigations,  which  detracts  materially  from  the  merit  of 
his  work,  in  every  other  respect  so  truly  admirable.  It  is  pos- 
sible that,  since  the  powers  of  the  fluxionary  or  differential 
methods  were,  then,  far  from  being  completely  unfolded ;  and 
since  cavils  were,  then,  oflen  raised  against  its  logical  propriety, 
Newton  might,  on  those  accounts,  have  been  induced  to  prefer 
the  ancient  process^  in  his  researches,  and  avoid,  as  much  as 
possible,  the  introduction  of  an  analysis  which  had  not  the  ad- 
vantage of  being  sanctioned  by  general  ap]>robation ;  and  which 
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was  not,  even,  generally  understood.  Since  tlie  time  of  our 
great  philosopher,  this  analysis,  the  discovery  of  which  forms 
one  of  his  titles  to  immortal  fame,  and  which  has  received  so 
many  important  accessions  from  the  labours  of  the  matliema- 
ticians  of  the  continent,  has  been  extensively  applied  to  the 
subjects  he  had  partially  investigated ;  and,  by  its  powerful  aid, 
general  solutions  have  been  obtained,  which,  being  found  in 
every  case  to  accord  with  the  results  of  observation,  estabUsh 
the  justness  of  the  hypothesis  from  which  they  were  derived,  and 
determine  the  Newtonian  theory  to  be  the  immoveable  basis  of 
physical  astronomy. 
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CHAPTER  XXI. 

IMPROVEMENTS   IN   PRACTICAL  ASTRONOMY. 

Imperfection  of  Che  ancient  utronomiosl  Inftrumenta. — Methodi  of  finding 
the  direction  of  the  meridian,  and  the  latitude  of  an  chun  vatory. — Bmploy» 
ment  of  pendulum  clocks  in  astronomical  observations. — Applicmtlon  of  the 
micrometer  to  telescopes. — Transit  instruments  used  in  observatories. — 
Manner  of  determining  the  times  of  the  equinoxes  and  aohtioes  and  the 
places  of  stars. — Discovery  of  the  transmission  of  light,  in  time,  throogh 
space. — Attempts  to  find  the  parallaxes  of  fixed  stars. — Disoovefy  of  the 
aberration  of  the  stars. — Discovery  of  the  lunar  nutation. — The  law  of 
astronomical  refraction  determined. — The  parallaxes  of  the  moon  and 
Mars  found  by  observation. — The  use  of  the  observed  transits  of  Venus 
in  finding  the  Bun*B  parallax. — Invention  of  the  achromatic  telaaoope. — Im- 
provements in  the  instruments  used  for  nautical  observations—The  lunar 
tables  improved  by  Mayer. — The  employment  of  chronometers  for  finding 
terrestrial  longitudes. 

The  present  advanced  state  of  astronomical  science  being  due 
as  much  to  the  improvements  made  in  the  instruments  employed 
for  obser\'ation  as  to  those  in  the  analysis  by  which  the  celestial 
movements  are  investigated,  it  will  be  proper,  here,  briefly  to  re- 
capitulate what  has  been  said  concerning  the  ancient  instru- 
ments, and  shew  the  nature  of  those  by  which  they  have  been 
superseded. 

The  oldest  observations  were  made,  as  we  have  stated,  with 
the  gnomon  ;  Iby  this  instrument  the  days  of  the  equinoxes  and 
solstices  were  observed,  and,  the  direction  of  the  meridian  being 
traced,  the  time  of  the  sun's  arrival  in  the  plane  of  that  circle, 
his  meridional  altitude  and  declination  were,  also,  ascertained  ; 
its  simplicity,  and  the  opinion  that,  by  making  it  of  great  height, 
proportional  accuracy  in  the  observations  would  be  acquired, 
have  been  the  causes  that  its  use  was  prolonged  almost  to  our 
own  times :  tlie  last  instrument  of  the  kind  is  that  which  was 
formed,  in  1575,  by  Ignatius  Dante  in  the  church  of  St  Petro- 
nius,  at  Bologna,  and  consisted  of  a  meridional  line  traced  on 
the  pavement,  with  an  aperture  in  the  wall  through  which  the 
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rays  of  tlie  sun  were  transmitted ;  we  have  related  that,  in  1653, 
Cas8ini  restored  this  line,  which,  becoming  again  deranged  by 
the  sinking  of  the  parement,  was  finally  retraced  by  Zanotti  in 
the  year  1776. 

But  the  gnomon  was  never  capable  of  being  employed  to  ob- 
tain tlie  differences  of  longitude,  or  of  right  ascension  or,  in  fact, 
to  obtain  any  angular  distances  between  celestial  bodies,  when 
they  were  not  on  the  meridian  :  we  have  mentioned  the  equa- 
torial armillEB,  the  quadrants  and  parallactic  instruments  wliich, 
instead  of  it,  were  used  for  those  purposes  by  the  ancients,  and 
it  is  worthy  of  remark  that,  if  we  omit  those  which  were  adjusted 
to  coincide  with  the  plane  of  the  ecliptic,  which  have  been  long 
since  laid  aside,  the  others  are  still  retained,  but  in  improved 
fonns,  in  the  modem  observatories  :  our  mural  quadrants  and 
circles,  and  zenith  sectors  still  scne,  like  the  meridional  armillie 
of  the  ancients,  to  find  the  polar  distances  of  celestial  bodies; 
and  our  equatorial  instruments  are  used  to  obtain  tlie  right  as- 
censions and  declinations  of  such  as  cannot  be  observed  on  tlie 
meridian. 

Theoperations  of  practical  astronomy  require  that  the  direction 
of  the  terrestrial  meridian  should  be  accurately  determined;  its 
trace  on  the  ground  was,  no  doubt,  at  first,  obtained  by  markuig 
the  extremities  of  the  shadow  cast  by  a  gnomon,  when  they  fell 
oa  the  circumference  of  a  circle  described  about  the  fool  of  the 
gnomon  as  a  centre  ;  but  it  is  probable,  also,  that  very  anciently 
the  practice  had  been  adopted,  of  observing  the  times  when  tlio 
euD  had  equal  altitudes  before  and  aller  noon ;  these  being 
found,  and  half  the  interval,  corrected  on  account  of  the  change 
produced  in  the  sun's  horary  angle  by  the  change  in  bis  decli- 
nation, being  added  to  the  time  of  the  first  observation  ;  there 
was  obtained  the  time  of  the  sun's  arrival  on  the  meridian.  The 
middle  of  the  azimuthal  angle  between  the  two  places  of  the  sun, 
similarly  corrected,  fixed  the  position  of  the  meridian  itself:  but 
we  now  correct  the  position  thus  obtained  by  methods  which 
will  be  presently  mentioned.  The  planes  of  our  mural  instru- 
ments are  made  to  coincide  with  tliat  of  the  meridian  ;  and  the 
zenith  distances  of  celestial  bodies  being  obsened  when  they 
arrive  in  this  plane,  their  declinations  are  iumiedialely  found,  the 
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latitude  of  the  place  being  supposed  to  be  known.  The  meri- 
dional altitudes  of  the  sun  on  the  days  of  the  solstices  were  long 
employed  for  finding  this  last  element,  but  Tycho  Brahe  seems 
to  have  been  the  first  astronomer  who  determined  it  by  the 
altitudes  of  a  circumpolar  star,  taken  at  times  when  it  was  on 
the  meridian  above  and  below  the  pole. 

But  the  circumstance  which  principally  distinguishes  the 
modem,  from  the  ancient  practice  of  astronomy  is  the  frequent 
use  made  of  instruments  for  measuring  time ;  these,  by  the  ap- 
plication of  the  pendulum,  having  been,  in  a  recent  age,  rendered 
capable  of  maiking  its  subdivisions  with  very  great  accuracy. 
The  first  notice  we  have  concerning  the  employment  of  a  pen- 
dulum to  ascertain  small  portions  of  time  is  in  an  account  of  the 
method  by  which  Mouton,  of  Lyons,  attempted  to  measure  the 
diameter  of  the  sun  ;  this  consisted  in  coimting  the  number  of 
vibrations  performed  while  the  disc  of  the  luminary  was  pass- 
ing over  a  vertical  line  situated  in  the  plane  of  the  meridian; 
the  arc  of  the  equator  described  by  the  sun,  in  the  time  of  a 
given  number  of  vibrations,  being  determined  by  computing  the 
angle  at  Uie  pole  corresponding  to  that  between  the  vertical 
planes  passing  through  two  plumb  lines  situated  near  the  meri- 
dian, at  some  distance  from  the  eye,  and  counting  the  number 
of  vibrations  performed  while  cither  limb  of  the  sun,  on  the  day 
of  the  equinox,  was  moving  from  one  line  to  the  other.  Vinde- 
linus,  Kircher  and  Ricciolus  had  also  made  use  of  pendulums 
for  ascertaining  the  duration  of  phenomena ;  but  Huygens  was 
the  first  to  determine  what  should  be  their  length,  that  each  vi- 
bration might  be  perfonned  in  one  second  of  time :  in  order  to 
mark  the  number  of  vibrations  made  in  a  given  time,  he  con- 
ceived the  idea  of  applying  palettes  to  the  upper  extremity  of 
Uic  pendulum  and  causing  them  to  catch  in  the  teeth  of  a  wheel 
which  was  connected  with  the  machinery  of  a  clock,  the  move- 
ment of  whose  index  would  shew  the  time,  as  well  as  the  num- 
ber of  vibrations.  We  have  said  that,  in  the  hope  of  rendering 
the  vibrations  isochronous,  in  great  and  small  arcs,  he  endea- 
voured to  procure  a  cycloidal  movement  in  the  pendulum, 
agreeably  to  the  idea  of  GaUleo,  but  this  having  been,  since, 
found  practically  impossible,  the  effort  was  abandoned,  and  the 
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error  arising  IVom  the  want  of  that  isochronistn  is  rendered  in- 
sensible by  causing  the  vibrations  to  bo  of  small  extent,  on  each 
side  of  the  vertical  line  passing  through  the  point  of  suspension. 
The  expansion  and  contraction  of  pendulum  rods  by  changes  in 
the  temperature  of  the  air  were,  at  first,  the  causes  of  much 
irregularity  in  tlie  times  of  vibration  ;  bnt  these  errors  are,  now, 
very  nearly  con"ecicd  by  forming  the  rod  with  metals  posRcss- 
iBg  dift'erent  degrees  of  expansibility  by  heat,  and  apphed  in 
Bucb  a  way  tliat  the  variations  of  length  take  place  in  contrary 
directions. 

The  invention  of  telescopes  was  almost  immediately  followed 
4y  their  application  to  the  mural  quadrants  employed  in  ob- 
servatories, where  they  superseded  the  plain  sights  with  which 
those  instruments  had  been  before  tiimisbed :  and  an  important 
improvement  in  the  practice  of  observing  was,  shortly  after- 
wards, made,  by  adapting  to  the  eye-pieces  of  telescopes  an 
instrument  for  measuring  very  small  angles.  Ilie  invention  of 
the  micrometer,  as  the  instrument  was  called,  is  usually  ascribed 
to  Iluygens,  but  the  priority  of  claim  lo  this  honour  is  disputed 
between  Gascoigne,  in  England,  and  Iluygens,  Auzout,  Ficard 
and  Roberval,  in  France ;  and,  probably,  all  the.se  astronomers 
contributed  to  bring  it  to  a  convenient  form ;  it  appears  tliat  the 
French  mathematicians  did  not  use  it  before  the  year  10(17,  and 
there  is  evidence  that  it  had  been  employed  in  England  in  1640. 
In  the  original  construction,  and  the  instruments  are  still  often 
made  on  the  same  principle,  there  were  placed  across  the  eye- 
piece of  the  telescope  a  fixed  wire,  and  another  which  was  made 
to  move  parallel  to  it  by  means  of  a  screw ;  and  thus  the  two 
wires  could  be  made  to  embrace  the  visible  disc  of  the  suu, 
moon  or  a  planet,  or  the  distance  between  iJio  moon  and  a  star, 
at  the  time  of  auappulse;  the  values  of  the  angular  diamelers,  or 
the  small  distanct.s  of  the  celestial  bodies,  being  given  by  a  scale 
whose  index  moved  with  the  wires. 

In  the  year  1644,  Koemer,  a  Danish  astronomer,  introduced 
the  method  which  has  ever  since  prevailed,  of  observing  tlie 
right  ascensions  of  celestial  bodies,  directly,  by  means  of  what  is 
called  a  transit  instrument ;  tliat  is,  a  telescope  attached  tn  a 
horizontal  ajcis,    perpendicular   lo   its  length,    and    moveable 
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ouly  in  the  plane  of  the  meridian ;  by  which  the  times  of 
transits,  or  passages  of  those  bodies  OFer  the  meridian,  can 
observed.      The  instnimeut   is  accompanied   by  a   pendul 
cloclc,  whose  index  is  set  to  the  commcucement  of  the  lioun  on 
the  dial-plate  at  the  moment  when  the  vernal  equinox  is  on  the 
meridian  of  the  place;  and  the  observation  of  the  time  at  which 
the  centre  of  any  celestial  body  coincides  with  the  meridional 
wire,  in  the  axis  of  the  telescope,  shews  the  angular  distance  of 
the  horary  circle  passing  through  the  body,  from  the  equitioclial 
colure,  by  the  time  elapsed  since  the  vomal  equinox  was  on  the 
meridian ;  and,  as  one  boor  of  sidereal  time  corresponfis  to  li 
degrees  on  the  equator,  it  is  evident  that,  allowance  being 
for  the  error  of  the  clock,  the  right  ascen»on  of  the   cclestii 
body  is  immediately  known.     The  direction  of  the  ineridii 
may  have  been  determined  in  the  manner  above  mentiottod, 
the  use  of  the  transit  telescope  requires  tliat  it  should  be 
tained  witli   extreme  accuracy,  and  several  methods  ar« 
ployed  for  finding  the  error,  in  tlie  position  of  the  tclesi 
with  respect  to  the  meridian ;  one  of  these  consists  m  obsen-ii 
with  tlie  telescope  itself,  the  transits  of  a  circumpolar  star 
above  and  below  the  pole ;  and,  as  the  interval  between  the 
transits  will  be  exactly  twelve  hours  of  sidereal  time,  when 
star  is,  in  both  situations,  on   the  plane  of  the  meridian ; 
excess  or  defect,  if  any  should  be  observed,  will  afibrd 
means  of  computing  the  deviation  of  the  instrument  from 
plane ;  a  second  method,  but  which  is  more  dependent  on 
previous  knowledge  of  the  star's  place,  consists  in  comparing 
difference  between  tlie  times  of  the  observed  transits  of  two 
which  pass  the  meridian,  respectively,  near  the  zenith  aod  oi 
the  horizon,  with  the   computed  difference  of  the   tme 
ascensions  of  tlie  fiamo  stars;  for  tliesc  difiercnccs  will  be  iden^ 
tical  when  the  telescope  moves  in  the  plane  of  the   true  me- 
ridian. 

The  time  of  the  arrival  of  the  vernal  equinox  on  the  meridtM' 
is  known  when  tlie  absolute  right  ascension  of  any  one  star 
^vun ;  for,  by  setting  the  index  of  llie  sidereal  clock,  when 
star  is  on  the  meridian,  to  the  hoin  wliicli  expresses  that  ri| 
ascension,  the  airival  of  the  index  at  tlic  commeuccmcDt  of 
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hours  will  be  simultaneous  with  that  of  tlie  equiuoctial  poini,  in 
the  plane  of  the  meridian :  it  is  necessary,  therefore,  to  ascertain 
the  time  at  which  the  sun  will  be  in  the  equinox,  and  the  dif- 
ference between  the  right  ascensions  of  the  sun  and  star  at  that 
moment.  Now,  by  means  of  telescopes,  tlie  principal  fixed 
stars  and  some  of  the  planets  can  be  seen  in  the  day  time,  even 
when  tliey  arrive  on  the  meridian  nearly  at  the  same  time  as 
the  sun ;  astronomers  are,  therefore,  at  once,  enabled  to  obt^n 
the  positions  of  many  stars  with  i-cspect  to  the  sun  by  direct 
observation  ;  and,  from  these,  the  positions  of  all  the  other  stars 
may,  consequently,  be  determined :  thus  the  intervention  of  the 
moon  or  Venus,  which  was  formerly  requisite  in  fixuig  the 
lou^tude  or  right  ascension  of  any  star,  and  which  was,  at  best, 
an  uncertain  process,  is  entirely  snjierseded ;  it  only  remains, 
therefore,  to  shew  in  what  manner  the  distance  of  tlic  sun  from 
the  equinoctial  point  is  now  ascertained. 

For  this  purpose,  and  Flamstead  was  the  first  to  put  the  method 
in  practice,  the  meridional  altitudes  of  the  sun  are,  daily,  taken, 
for  a  few  days  before  and  after  that  of  the  equinox ;  from  whence 
are  determined  his  corresponding  distances  i'rom  the  equator, 
and  his  daily  or  hourly  motion  in  dechnatton.  On  the  same 
days,  the  dttfcrences  in  right  ascension,  of  the  sun  and  of  a  star 
which  arrives  on  the  meridian  nearly  at  the  some  time,  are  also 
to  be  observed  by  the  transit  inslnimenl,  and  the  daily  or  hourly 
motion  of  the  sun  in  right  ascension,  thence,  computed;  the 
place  of  tlie  star  being  supposed  to  be  fixed  in  the  heavens,  or 
the  cliauges  to  which  it  is  subject  being  estimated  from  the 
existing  tables.  Then,  as,  during  short  portions  of  time,  the 
sun's  movements  in  right  ascension  and  declination  may  he  con. 
sidered  tmiform,  we  shall  have,  by  proportion,  the  distance  of 
the  sun  from  the  equinoctial  point  at  the  time  corresponding 
lo  that  of  any  of  the  observed  declinations ;  or,  if  the  obbquity 
of  the  ecliptic  be  taken  from  llie  existing  tables  we  can,  from 
the  daily  declinations,  compute  by  spherical  trigonometry,  the 
like  distances  of  the  sun  from  the  equinox :  the  daily  move- 
ments of  the  sun  in  right  ascension  will  give  the  time  of  his  ar- 
rival at  the  equinox,  and  the  daily  difference  of  the  sun's  and 
star's  right  ascensions  determine,  for  each  day,  the  distance  of 
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the  star  from  that  i>oint;  and  a  mean,  both  of  the  times  and  &- 
tances,  for  all  tlie  obserrations,  will  give  the  moment  of  the 
Sim's  arrival  in  the  plane  of  the  equator,  and  the  place  of  the 
equinox, by  its  distance  from  the  star,  with  great  correctnes8.  In 
a  similar  manner,  tlie  moment  of  the  sun's  arrival  at  either  sol- 
stice, and  the  obliquity  of  the  ecliptic  to  the  equator,  can  be 
computed. 

The  right  ascension  and  declination  of  a  celestial  body  are  the 
two  essential  elements  for  fixing  the  position  of  the  body  in  the 
heavens ;  and  from  them,  the  longitudes  and  latitudes  mav  be 
deduced  by  computation,  after  correction  for  the  various  causes 
of  error  to  which  all  observations  are  subject:  the  method  of  ob- 
serving by  the  transit  telescope  and  mural  instrument  is,  un- 
doubtedly, that  which  is  most  easily  practised  and  is,  at  the 
same  time,  the  most  accurate,  since  the  verifications  of  the  in- 
struments can  be  made  witli  the  greatest  certainty ;  on  these  ac- 
counts it  is  now  universally  adopted  in  fixed  observatories. 

A  knowledge  of  the  causes  of  the  errors  affecting  the  appa- 
rent places  of  celestial  bodies  was  unfolded  in  proportion  as 
instruments  were  rendered  capable  of  giving  those  places  with 
precision  :  and  repeated  obsen'ations  afforded  the  means  of  in- 
vestigating formuhc  by  which  the  errors  might  be  computed 
and  reduced  to  tables,  for  tlie  convenience  of  readily  taking 
out  tlie  corrections  necessary  to  obtain  the  true  places,  from 
those  which  were  given,  directly,  by  the  instruments.     It  had 
been   suspected  by  Galileo   that  light  does  not  pass    instan- 
taneously from  tlie  celestial  bodies  to  the  earth;  but,  in  1675, 
M.  Roemer,  whom  we  have  before  mentioned,  found,  from  the 
obser\'ed  times  of  the  immersions    and   emersions  of  Jupiter's 
satellites  compared  with  the  times  given  by  calculation  from  the 
laws  of  their  movements,  that  the  phenomena  were  accelerated 
or  retarded  by  some  cause  which  seemed  to  depend  upon  the 
variations  in  tlie  distance  of  Jupiter  from  the  earth ;  and  this 
circumstance  led  him  to  conceive  that  the  differences  might 
arise  from  the  unequal  times  in  which  light  is  transmitted  from 
that  planet  to  the  eye  of  the  observer ;  comparing,  therefore, 
those  differences  with  the  corresponding  distances  of  Jupiter,  he 
calculated  that  a  particle'  of  light  would  pass  through  a  space 
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equal  to  the  diameter  of  the  eartli's  orbit  in  about  1 1  minutes ; 
subseqneut  comparisons  of  tlte  obsen-ed  and  calculated  times 
of  other  pheiiDmena  have  proved  tlie  justice  of  the  opinion,  but 
it  is  now  found  that  8'  7  ".5  are  required  for  the  passage  of  light 
from  the  sim  to  the  earth ;  and  tlie  velocity  of  light,  hence  de- 
termined, enters  into  the  reduction  of  all  observations  relating 
to  the  planetary  phenomena. 

The  annual  parallaxes  of  the  planets,  or  the  differences  be- 
tween the  places  they  appear  to  occupy  in  the  heavens  when 
seen  from  tlie  earth,  and  those  to  which  they  would  be  refen-ed 
if  seen  from  the  sun,  had  long  been  know-n ;  and  it  was  natural 
that  efforts  should  be  made  to  ascertain  whether  any  such 
change  of  place  was  discovtmblo  in  the  fixed  stars :  these  efforts 
have  not  indeed,  to  the  present  day,  been  successful ;  but,  as 
those.who  dig  for  hidden  treasures,  if  they  do  not  find  the  im- 
mcdiato  object  of  their  search,  at  least  derive  benefit  from  tlie 
increased  fertihty  they  induce  in  the  soil,  so  the  obsenations  in- 
stituted to  find  the  parallax  of  the  stars  were  productive  of  two 
important  discoveries  of  another  kind.  Between  tlie  years  1660 
and  1670  Picard  had  found,  from  many  observations,  that  the 
star  at  the  extremity  of  Ursa  Minor,  tliough  it  continually  ap- 
proached the  pole  by  about  20  seconds  annually,  in  consequence  of 
the  general  precession  of  tlie  equinoxes,  yet  sufiered  otherchanges 
in  its  distance  from  tlience,  being,  in  spring  and  autuimi,  further 
from  the  pole  by  several  seconds  than,  according  to  the  law  of 
the  precession,  it  ought  to  be ;  at  the  end  of  the  year  he  found 
these  variations  compensated  and,  in  the  next,  they  re-occurred 
in  the  same  order  as  before.  Similar  variations  of  place  were 
observed  by  Hook  and  Flamstead  in  several  otlier  stars,  but  it 
was  presently  perceived  that  these  took  place  in  directions  con- 
trary to  those  of  tlie  variations  which  would  have  resulted  from 
the  effects  of  parallax,  and  no  solution  coidd  then  be  found,  of 
the  phenomena. 

At  length,  in  ITU,  Molyneux  and  Bradley  commenced  a 
series  of  observations,  with  a  zenith  sector  whose  radius  was 
24  feet,  on  the  star  r  Draconis,  which,  passing  the  meiidiaa 
nearly  in  the  zenith  of  Kew,  the  place  of  obsenation,  was, 
therefore,  but  hltle  affected  by  refraction,  the  irregolarities  of 
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which  might  have  been  supposed  to  be  whoUy  or  partly,  the 
cause  of  the  variatious  observed  in  the  star's  place.     The  de- 
tails of  these  observations  are  contained  in  the  Philosophical 
Transactions  for  1728 ;  and  from  them  it  appears  that  the  first 
observation  was  made  in  November  1725':  the  apparent  place 
of  the  star  in  declination  being  then  registered.  Dr.  Bradley  re- 
peated the  observations  at  intervals,  and  found  that  the  star  con- 
stantly deviated  towards  the  south,  till,  in  the  month  of  March, 
following,  it  was  20  seconds  from  its  former  place,  and  then  it 
seemed  to  have  attained  its  maximum  of  distance  in  that  direc- 
tion ;  for,  from  that  time,  it  returned  towards  the  north,  and, 
in  the  month  of  June,  its  declination  was  nearly  the  same  as 
when  it  was  first  observed :  in  the  following  three  months,  it 
deviated  northwards  from  its  first  place  as  far  as  it  had  before 
deviated  southward,  and,  at  the  end  of  a  year  firom  the  com- 
mencement of  the  observations,  its  declination  was  again  the 
same  as  at  first.    Similar  deviations  in  right  ascension  were,  sub- 
sequently, observed,  and  thus  the  star  appeared  to  describe  in 
the  heavens,  a  small  circle,  annually,  about  its  mean  place.  The 
regularity  of  the  phenomena  excluded  the  possibility  that  they 
could  be  caused  by  any  errors  in  the  position  of  the  instrument; 
and  Bradley,  at  first,  thought  they  might  be  produced  by  that 
solar  nutation  which  had  been  mentioned  by  Newton,  but,  on 
calculating  its  effects,  they  were  found  too  small  to  account 
for  the  variations  actually  discovered  ;  and  finally,  his  investiga- 
tions terminated  in  the  discovery  that  the  apparent  variations  of 
position  were  caused  by  the  movement  of  light  combined  with 
that  of  the  earth  in  its  orbit,  in  a  way  which  may  be  thus  ex- 
plained. 

If  the  earth  were  at  rest,  and  light  from  any  star  were  trans- 
mitted  instantaneously  to  the  observer,  it  is  evident  that,  on  di- 
recting a  telescope  to  the  true  place  of  a  star,  the  latter  would 
become  immediately  visible.  But,  if  we  suppose  the  earth  to  be 
in  motion  and  light  to  be  transmitted,  in  time,  firom  one  part  of 
space  to  another,  it  would  follow  that,  on  directing  the  telescope 
to  the  true  place  of  the  star,  the  movement  of  the  telescope 
would  cause  a  particle  of  light  from  thence,  in  its  passage  down 
the  tube,  to  strike  against  the  interior  surface  of  the  latter ;  and. 
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as  it  could  not  then  cuter  lb e  eye  of  the  observer,  llie  utar  would 
be  invisible.  If,  however,  we  suppose  the  telescope  to  be  situ- 
ated in  a  plane  passing  through  the  star  and  a  tangent  to  the 
earth's  orbit ;  and  to  be  in  a  certain  position  between  a  line 
joining  the  earth  and  star  and  that  jiart  of  the  tangent  which 
hes  in  the  direction  of  the  earth's  motion  ;  and,  to  avoid  too 
great  complexity,  let  us  leave  out  the  effect  of  the  earth's  rota- 
tion oD  its  axis,  by  supposing  the  observations  to  be  made  when 
the  star  arrives  on  the  meridian ;  then  it  may  be  conceived  that 
a  particle  of  light  from  the  star,  having  arrived  at  the  object 
glass,  on  continuing  its  motion  from  thence  towardx  the  earth, 
may,  in  consequence  of  the  movement  imparted  to  the  telescope 
by  that  of  the  earth  in  its  orbil,  bo  constantly  in  the  axis  of  the 
telescope  till  it  arrives  at  the  eye  of  the  observer ;  and  thus  the 
pencil  of  rays  falling  upon  the  object  glass,  along  with  the  above 
mentioned  particle,  wiU  render  the  star  visible :  but  the  ob- 
server who  determines  tlie  place  of  a  celestial  body  by  the  di- 
rection of  his  telescope  will,  of  course  on  that  account,  asugn 
to  the  star  a  position  which,  when  the  cause  of  the  error  is  un- 
derstood, will  be  found  to  be  in  advance  of  its  true  place ;  and 
the  deviation  of  the  apparent,  from  tlie  true  place  will,  evidently, 
depend  upon  the  proportion  between  the  velocity  of  light  and 
that  of  the  earth. 

As  this  deviation  may  be  observed  every  time  that  the  star 
arrives  at  the  meridian  of  the  place  of  observation,  it  is  clear 
that,  during  one  year,  any  star  wiU  appear  to  describe  a  circle, 
or  rather  an  ellipse,  in  the  heavens,  parallel,  and  similar  to  the 
earth's  orbit;  but  the  apparent  magnitude  of  the  ellipse  will 
^pend  on  the  above  mentioned  velocities  and  upon  the  position 
of  the  star  with  respect  to  theechptic;  and,  both  by  observa- 
tion and  cakidation,  it  is  foiuid  that  the  semi-axis  major,  when 
a  maximum  ;  that  is  when  the  star  is  in  the  pole  of  the  ecliptic, 
subtends  at  the  earth  an  angle  of  about  20^  seconds ;  and  this 
is  the  greatest  difference,  on  account  of  the  aberration,  as  it  is 
called,  of  light,  between  the  apparent  and  true  places  of  a  star. 
Hitherto  we  have  been  able  to  give  no  direct  evidence  of  the 
movement  of  the  earth,  but  this  phenomenon  being  capable  of 
an  accurate  explanation  by  supposing  that  movement,  we  are 
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bound,  from  thence,  to  consider  the  fact  of  the  esrth's  motion  a 
completely  eslaWislicd. 

But  Dr.  Bradley  couUnoiiig  his  obsenatious  on  y  Draconis 
and  other  stars,  in  order  to  veriiy  his  theory  of  aberraliou,  was 
so  fortunate  as  to  discover  a  new  variation  of  tlieir  motion,  which 
he  found  to  depend  on  the  place  of  the  moon's  node :  for,  from 
the  year  1727  to  1736  be  perceived  that  those  stars,  when  near 
the  colures,  constantly  approached  tlie  pole ;  the  greatest  dif- 
ference between  tlie  obsen'ed  places  and  those  which  would 
result  from  the  gcucral  precession  being  about  9  or  10  seconds. 
The  obscrvaUons  were  afterwards  conUnued  till  1745,  and, 
during  the  latter  interval,  the  same  stars  appeared  to  recede  from 
the  pole  by  th«  same  degrees  as  lliey  approached  it,  and  to  an 
equal  extent.  Corresponding  inequalities  being  observed  in  the 
riglit  ascensions  of  the  stars,  Dr.  Bradley  found  that  the  phe- 
nomenon might  be  represented  by  supposing  the  pole  of  the 
earth  to  make  a  revolution  in  the  heavens  about  its  mean  place 
in  tlie  circle  of  precession,  lo  which  it  returned  at  inteirals  of 
eighteen  years.  He,  at  first,  thought  tlie  revolution  was  per- 
formed in  a  small  circle,  but  more  accurate  observations  shewed 
that  the  pole  described  an  ellipse  whose  axes  were  equal  lo 
19  seconds  and  14  seconds,  respectively. 

This  inequality  was  immediately  perceived  by  Bradley,  (and 
that  astronomer  published  an  account  of  his  theory  in  Uie  Phi- 
losophical Transactions  of  1748,)  to  be  caused  by  tJio  action  of 
the  sun  and  moon,  and,  it  may  be  added,  of  the  planets,  on  the 
equatorial  regions  of  the  earth.  The  effect  above  described  is, 
evidently,  only  that  part  of  the  whole  variation,  which  ilcpends 
on  the  attraction  exercised  by  the  moon,  since  its  restitution 
takes  place  in  tlie  period  of  a  revolution  of  her  nodes,  by  which 
she  is  repeatedly  brought  to  the  same  situation  with  respect  to 
the  earth's  equator ;  and  it  is  evident  that  the  variations  of  her 
attractive  force  must,  necessarily,  produce  corresponding  oscilla- 
tions in  the  position  of  the  equator,  alternately  increasing  and 
diminishing  its  obliquity  to  the  ecliptic,  and  causing  the  equi- 
noctial points  Lo  advance  and  retrograde,  within  small  Umits, 
about  tlie  points  to  which  they  would  arrive  in  consequence  oi 
the  general  precession.    The  apparent  oscillatoiy  movomeat  of 
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the  pole  of  tlie  earth,  in  declination,  is  the  cause  that  tlie 
phenomenon  received  the  expressive  uame  of  nutation ;  and  Uie 
part  of  it  which  depends  upon  the  attraction  of  the  sun  on  the 
equator  was,  afterwards,  distinguished  from  thai  which  is  de- 
pendent on  the  moon,  but  its  amount  is  small  and  its  restitution 
lakes  place  yearly. 

The  discovery  of  aberration  and  nutation  entirely  delivered 
the  fixed  stars  from  the  errors  to  which  the  observations  made 
on  them  were,  previously,  subject,  except  such  as  depend  on 
the  proper  movements  of  the  stars  themselves :  these  are  for- 
tunately very  small,  but,  to  reduce  llie  cause  of  them  to  a 
system,  will  probably  reqiuro  the  assiduous  attention  of  astrouo- 
niers  for  many  ages  to  come. 

The  ancient  philosophers,  in  their  physical  theories  of  astro- 
nomical refraction,  seem  to  have  supposed  the  atmosphere  to  be 
of  uniform  density ;  and  though  some  notice  is  found,  in  the 
works  of  Alhozen,  of  the  augmentation  produced  in  the  density 
of  the  air  near  the  earth  by  the  pressure  of  that  above,  yet  it 
does  not  appear  that  any  enquiry  was  made  concerning  the 
nature  of  the  path  described  by  a  particle  of  light,  in  the  atmo- 
sphere, till  the  seventeenth  century ;  when  tlie  successive 
refractions  in  the  different  strata  through  which  the  light  passed 
were  supposed  to  cause  each  particle  to  move  in  the  periphery 
of  a  conic  section.  Astronomers,  however,  at  present,  consider 
a  particle  of  light,  on  entering  each  of  the  different  strata,  into 
which  they  imagine  llie  atmosphere  to  be  divided,  from  the 
surface  of  the  earth  upward,  to  be  altracled  from  its  previous 
course  by  a  force  proportional  to  the  density  of  the  stratum ; 
and  their  conclusion  is  that  the  whole  refraction,  which  had 
formerly  been  supjiosed  proportional  to  the  tangent  of  the  zenith 
distance  of  the  celestial  body,  simply,  is  proportional  to  that 
term  lessened  by  about  three  times  the  value  of  the  refraction 
itself. 

The  different  temperatures  of  the  air  in  different  climates  of 
the  earth,  which  must  necessarily  produce  corresponding  varia- 
tions in  tlic  density  of  the  lower  strata  of  the  atmosphere, 
naturally  induced  an  opinion  Uiat  the  value  of  the  horizontal 
refraction  was  diffenmt,  in  different  regions ;  and  tliis  seemed  to 
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only  in  the  plane  of  the  meridian ;  by  whicli  the  Umes  of  tbe 
transits,  or  passages  of  those  bodies  over  the  meridian,  can  be 
obsen-ecl.  The  instrument  is  accompanied  by  a  pendulum 
clock,  whose  index  is  set  to  iJie  commencement  of  the  hours  on 
the  dial-plate  at  the  moment  when  the  vernal  eqninox  is  on  the 
meridian  of  the  place ;  and  the  obserration  of  the  time  at  which 
the  centre  of  any  celestial  body  coincides  with  the  meridional 
wire,  in  the  axis  of  the  telescope,  shews  the  angular  distance  of 
the  horary  circle  passing  through  the  body,  from  llie  equinoctial 
colure,  by  the  lime  elapsed  since  the  vernal  equinox  M-as  on  tlie 
meridian;  and,  as  one  hour  of  sidereal  time  corresponds  to  lA 
degrees  on  the  equator,  it  is  evident  that,  allowance  being  made 
for  the  error  of  the  clock,  the  right  a-scension  of  the  celestial 
body  is  immediately  known.  The  direction  of  the  meridian 
may  have  been  determined  in  the  manner  above  mentioned,  but 
tho  use  of  the  transit  telescope  requires  that  it  should  be  asc«T- 
tained  with  extreme  accuracy,  and  several  methods  are  em- 
ployed for  finding  the  error,  in  the  position  of  the  telescope, 
with  respect  to  Uie  meridian ;  one  of  these  consists  m  observing, 
with  the  telescope  itself,  the  trausils  of  a  circumpolar  star  both 
above  and  below  the  pole;  and,  as  the  intenal  between  tlie  two 
transits  will  be  exactly  twelve  hours  of  sidereal  time,  when  the 
star  is,  in  both  situations,  on  tlm  plane  of  the  meridian ;  the 
excess  or  defect,  if  any  should  be  observed,  will  alTurd  the 
means  of  computing  the  deviation  of  the  instrument  from  that 
plane ;  a  second  metliotl,  but  which  is  more  dependent  on  a 
previous  knowledge  of  tlie  star's  place,  consists  in  comparing  the 
difference  between  the  times  of  the  observed  transits  of  two  stars, 
which  pass  the  meridian,  respectively,  near  the  eenltb  and  near 
tbe  horizon,  witli  the  computed  difference  of  the  true  right 
ascensions  of  the  same  stars ;  for  these  diffen-Jices  will  be  idtm- 
tJcal  when  the  telescope  moves  in  tbe  plane  of  the  true  uu)> 
ritlian. 

The  time  of  the  arrival  of  the  vernal  equinox  on  tho  m 
is  known  when  tlie  absolute  right  ascension  of  any  one 
given ;  for,  by  setting  the  index  of  the  sidereal  clock,  when 
star  is  on  the  meridian,  to  tlie  hour  which  expresses  that  right 
asconsiuur  the  arrival  of  the  iudex  at  tlic  commeuccmciit  of  the 
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hours  will  be  situultaneous  with  that  of  the  equinoctial  point,  in 
ihe  plane  of  the  meridian :  it  is  necessary,  therefore,  to  ascertain 
the  time  at  which  the  sun  will  be  in  the  equinox,  and  the  dif- 
ference between  the  right  ascensions  of  the  sun  and  star  at  that 
moment.  Now,  by  means  of  telescopes,  the  principal  ii\cd 
stars  and  some  of  the  planets  can  be  seen  in  the  day  time,  even 
when  tliey  arrive  on  the  meridian  neariy  at  the  same  time  aa 
the  sun ;  astronomers  are,  therefore,  at  once,  enabled  to  obtain 
the  positions  of  many  stars  with  respect  to  the  sun  by  direct 
observation  ;  and,  from  these,  the  positions  of  all  the  other  stars 
may,  consequently,  be  determined :  thus  the  intervention  of  the 
moon  or  Veaius,  which  was  formerly  requisite  in  fixing  the 
longitude  or  right  ascension  of  any  star,  and  which  was,  at  best, 
an  uncertain  process,  is  entirely  superseded ;  it  only  remains, 
therefore,  to  shew  in  what  manner  the  distance  of  the  sun  from 
the  equinoctial  point  is  now  ascertained. 

For  this  purpose,  and  Flamstead  was  the  first  to  put  the  method 
in  practice,  the  meridional  altitudes  of  the  sun  are,  daily,  taken, 
for  a  few  days  before  and  afbjr  that  of  the  equinox ;  from  whence 
are  determined  his  corresponduig  distances  irom  the  equator, 
and  his  daily  or  hourly  motion  in  declination.  On  the  same 
days,  the  differences  in  right  ascensiou,  of  the  sun  and  of  a  star 
which  arrives  on  the  meridian  nearly  at  the  same  time,  are  also 
lo  be  observed  by  the  transit  instrument,  and  tiie  daily  or  hourly 
motion  of  tlie  sun  in  right  ascension,  thence,  computed;  the 
place  of  Oie  star  being  supposeil  to  be  fixed  in  Ihe  heavens,  or 
the  changes  to  which  it  is  subject  being  estimated  from  the 
existing  tables.  Then,  as,  during  short  portions  of  time,  the 
sun's  movements  in  right  ascension  and  declination  may  be  con- 
sidered uniform,  we  shall  hare,  by  proportion,  the  distance  of 
the  sun  from  the  equinoctial  point  at  the  time  corresponding 
to  that  of  any  of  the  observed  declinations ;  or,  if  the  obliquity 
of  the  ecliptic  be  taken  from  the  existing  tables  we  can,  from 
the  daily  dccUnations,  compute  by  spherical  trigonometry,  the 
like  distances  of  the  sun  from  the  equinox:  tlie  daily  move- 
mente  of  the  sun  in  right  ascension  will  give  the  time  of  his  ar- 
rival at  the  equinox,  and  the  daily  difference  of  tlie  sun's  and 
Btar's  right  ascensions  determine,  for  each  day,  the  distance  of 
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the  star  from  that  point;  and  a  mean,  both  of  the  times  and  dis- 
tances, for  all  the  observations,  will  give  the  moment  of  the 
sun's  arrival  in  the  plane  of  the  equator,  and  the  place  of  the 
equinox,  by  its  distance  from  the  star,  with  great  correctness.  In 
a  similar  manner,  the  moment  of  the  sun's  arrival  at  either  sol- 
stice, and  the  obliquity  of  the  ecliptic  to  the  equator,  can  be 
computed. 

The  right  ascension  and  declination  of  a  celestial  body  are  the 
two  essential  elements  for  fixing  the  position  of  the  body  in  the 
heavens ;  and  from  them,  the  longitudes  and  latitudes  may  be 
deduced  by  computation,  after  correction  for  the  various  causes 
of  error  to  which  all  observations  are  subject:  the  method  of  ob- 
serving by  the  transit  telescope  and  mural  instrument  is,  un- 
doubtedly, that  which  is  most  easily  practised  and  is,  at  the 
same  time,  the  most  accurate,  since  the  verifications  of  the  in- 
struments can  be  made  with  the  greatest  certainty ;  on  these  ac- 
counts it  is  now  imiversally  adopted  in  fixed  observatories. 

A  knowledge  of  the  causes  of  the  errors  affecting  the  appa- 
rent places  of  celestial  bodies  was  unfolded  in  proportiou  as 
instruments  were  rendered  capable  of  giving  those  places  with 
precision  :  and  repeated  observations  afforded  the  means  of  in- 
vestigating formulae  by  which  the  errors  might  be  computed 
and  reduced  to  tables,  for  tlie  convenience  of  readily  taking 
out  the  corrections  necessary  to  obtain  the  true  places,  firom 
those  which  were  given,  directly,  by  the  instruments.  It  had 
been  suspected  by  Galileo  that  light  does  not  pass  instan- 
taneously from  tlie  celestial  bodies  to  the  earth ;  but,  in  1675, 
M.  Roemer,  whom  we  have  before  mentioned,  found,  from  tlie 
observed  times  of  the  immersions  and  emersions  of  Jupiter's 
satellites  compared  with  the  times  given  by  calculation  firom  the 
laws  of  their  movements,  that  the  phenomena  were  accelerated 
or  retarded  by  some  cause  which  seemed  to  depend  upon  the 
variations  in  the  distance  of  Jupiter  from  the  earth ;  and  this 
circumstance  led  him  to  conceive  that  Uie  differences  might 
arise  fi'om  the  unequal  times  in  which  light  is  transmitted  from 
that  planet  to  the  eye  of  the  observer ;  comparing,  therefore, 
those  differences  with  the  corresponding  distances  of  Jupiter,  he 
calculated  that  a  particle  of  light  would  pass  through  a  space 
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eijual  to  the  diameter  of  llie  eartli's  orbit  in  about  II  miDUtee ; 
subsequent  comparisons  of  the  observed  and  calculated  times 
of  other  phenomena  have  proved  the  justice  of  the  opinion,  but 
it  is  now  fouud  tliat  8'  7  .5  are  required  for  the  passage  of  light 
from  the  sun  to  the  earth  ;  and  tlie  velocity  of  liglil,  hence  de- 
termined, enters  into  the  reduction  of  all  obserFations  relating 
to  tlie  planetary  phenomena. 

The  annual  parallaxes  of  the  planets,  or  the  differences  be- 
tween the  places  they  appear  to  occupy  in  (he  heavens  when 
seen  from  the  earth,  and  those  to  which  they  would  bo  refcned 
if  seen  from  tlie  sun,  had  long  been  Icnomi ;  and  it  waa  natural 
that  efforts  should  be  made  to  ascertiiin  whether  any  such 
change  of  place  was  discoverable  in  the  fixed  stars :  these  efforts 
have  not  indeed,  to  the  present  day,  been  successful ;  but,  as 
those-who  dig  for  hidden  treasures,  if  they  do  not  find  Uie  im- 
mediate object  of  their  search,  at  least  derive  benefit  from  the 
increased  fertility  they  induce  in  the  soil,  so  the  observations  in- 
stituted to  find  tiie  parallax  of  tlic  stars  were  productive  of  two 
important  discoveries  of  another  kind.  Between  the  years  1660 
and  1670  Picard  had  found,  from  many  observations,  that  tJie 
star  at  the  extremity  of  Ursa  Minor,  though  it  continually  ap- 
proached the  pole  by  about  20  seconds  annually,  in  cunsequenceof 
the  general  precession  of  the  equinoxes,  yet  suffered  other  changes 
in  its  distance  from  tlience,  being,  in  spring  and  autumn,  ftulher 
from  the  pole  by  several  seconds  than,  according  to  the  law  of 
the  precession,  it  ought  to  be ;  at  tJie  end  of  the  year  he  found 
tfaese  variations  compensated  and,  in  tlie  next,  they  re-occmrcd 
in  the  same  order  as  before.  Similar  variations  of  place  were 
observed  by  Hook  and  I'tamstead  in  several  otlier  stars,  but  it 
was  presently  perceived  that  these  took  place  in  directions  con- 
trary to  those  of  the  variations  wliich  would  have  resulted  from 
the  effects  of  parallax,  and  no  solution  could  tlieu  be  found,  of 
the  phenomena. 

At  length,  in  1723,  Molyncux  and  Bradley  commenced  a 
series  of  observations,  with  a  zenith  sector  whose  radius  was 
34  feet,  on  the  star  y  Draconis,  which,  passing  tlie  meridian 
nearly  in  the  zenith  of  Kew,  the  place  of  observation,  was, 
therefore,  but  little  affected  by  refraction,  tlie  irregidaiities  of 
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which  mig^t  hare  been  supposed  to  be  wholly  or  pardv,  the 
cause  of  the  variatioDs  obserred  in  the  star's  place.     The  de- 
tails of  these  observations  are  contained  in  the  Philosophical 
Transactions  for  1728 ;  and  from  them  it  appears  that  the  first 
obsenration  was  made  in  November  1725':  the  apparent  place 
of  the  star  in  declination  being  then  registered.  Dr.  Bradley  re- 
peated the  observations  at  intervals,  and  found  that  the  star  con- 
stantly deviated  towards  the  south,  till,  in  the  month  of  March, 
following,  it  was  20  seconds  from  its  former  place,  and  then  it 
seemed  to  have  attained  its  maximum  of  distance  in  that  direc- 
tion; for,  from  that  time,  it  returned  towards  the  north,  and, 
in  the  month  of  June,  its  declination  was  nearly  the  same  as 
when  it  was  first  observed :  in  the  following  three  months,  it 
deviated  northwards  from  its  first  place  as  far  as  it  had  before 
deviated  southward,  and,  at  the  end  of  a  year  firom  the  com- 
mencement of  the  observations,  its  declination  was  again  the 
same  as  at  first    Similar  deviations  in  right  ascension  were,  sub- 
sequently, observed,  and  thus  the  star  appeared  to  describe  in 
the  heavens,  a  small  circle,  annually,  about  its  mean  place.  The 
regularity  of  the  phenomena  excluded  the  possibility  that  they 
could  be  caused  by  any  errors  in  the  portion  of  the  instrument; 
and  Bradley,  at  first,  thought  they  might  be  produced  by  that 
solar  nutation  which  had  been  mentioned  by  Newton,  but,  on 
calculating  its  efiects,   they  were  found  too  small  to   account 
for  the  variations  actually  discovered  ;  and  finally,  his  investiga- 
tions terminated  in  the  discovery  that  the  apparent  variations  of 
position  were  caused  by  the  movement  of  light  combined  with 
that  of  the  earth  in  its  orbit,  in  a  way  which  may  be  thus  ex- 
plained. 

If  the  earth  were  at  rest,  and  light  from  any  star  were  trans- 
mitted instantaneously  to  the  observer,  it  is  evident  that,  on  di- 
recting a  telescope  to  the  true  place  of  a  star,  the  latter  would 
become  immediately  visible.  But,  if  we  suppK>8e  the  earth  to  be 
in  motion  and  light  to  be  transmitted,  in  time,  firom  one  part  of 
space  to  another,  it  would  follow  that,  on  directing  the  telescope 
to  the  true  place  of  the  star,  the  movement  of  the  telescope 
would  cause  a  particle  of  light  from  thence,  in  its  passage  down 
the  tube,  to  strike  against  the  interior  suiiace  of  the  latter ;  and, 
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OS  it  could  nol  then  enter  llie  eye  of  tlie  observer,  llie  Btar  wouM 
be  invisible.  If,  however,  we  suppose  the  telescope  to  be  situ- 
ated in  a  plane  passing  through  tlie  star  and  a  tangent  to  the 
earth's  orbit;  and  to  be  in  a  certain  position  between  a  line 
joining  the  earth  and  star  and  that  part  of  the  tangent  which 
lies  in  the  direction  of  the  earth's  motion  ;  and,  to  avoid  too 
great  complexity,  let  ua  leave  out  the  effect  of  the  earlli's  rota- 
tion on  its  axis,  by  supposing  the  observations  to  be  made  when 
the  star  arrires  on  the  meridian  ^  then  it  may  be  conceived  that 
a  particle  of  light  from  the  star,  having  arrived  at  the  object 
glass,  on  continuing  its  motion  from  tliencc  towards  the  earth, 
may,  in  consequence  of  the  movement  imparted  to  the  telescopo 
by  that  of  the  earth  in  its  orbit,  be  constantly  in  the  axis  of  the 
telescope  till  it  arrives  at  the  eye  of  tlie  obsen-er;  and  thus  the 
pencil  of  rays  falling  upon  the  object  glass,  along  with  the  above 
mentioned  particle,  will  render  the  star  visible  :  but  the  ob- 
server who  determines  the  place  of  a  celestial  body  by  the  di- 
rection of  his  telescope  will,  of  course  on  that  account,  assign 
to  the  star  a  position  which,  when  the  cause  of  the  error  is  un- 
derstood, will  be  found  to  be  in  advance  of  its  tnte  place ;  and 
the  deviation  of  the  apparent,  from  tlie  true  place  will,  evidently, 
depend  upon  the  proportion  between  the  velocity  of  light  and 
that  of  the  earth. 

As  this  deviation  raay  be  observed  every  time  thai  the  star 
arrives  at  tlie  meridian  of  the  place  of  observation,  it  is  clear 
that,  during  one  year,  any  star  will  appear  to  describe  a  circle, 
or  rather  an  ellipse,  in  the  heavens,  parallel,  and  similar  to  the 
earth's  orbit;  but  the  apparent  magnitude  of  the  ellipse  will 
depend  on  the  above  mentioned  velocities  and  upon  the  position 
of  the  star  with  respect  to  the  ecliptic  ;  and,  both  by  observa- 
tion and  cakulation,  it  is  found  that  the  semi-axis  major,  when 
a  mazimttm ;  that  is  when  the  star  is  in  the  pole  of  the  ecliptic, 
rabtends  at  the  earth  an  angle  of  about  20^  seconds ;  and  this 
is  the  greatest  difference,  on  account  of  tlie  aberration,  as  it  ia 
called,  of  light,  between  tbe  apparent  and  true  places  of  a  star. 
Hitherto  we  have  been  able  to  give  no  direct  evidence  of  the 
movement  of  the  earth,  but  this  phenomenon  bebig  capable  of 

I  accurate  explanation  by  supposing  that  movement,  we  are 
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bound,  from  thenco,  to  consider  the  fact  of  tlie  cailli's  inolioii 
completely  established. 

But  Dr.  Bradley  conlmuing  hU  obson'ations  on  y  Diac- 
and  otlier  slars,  in  order  to  verify  his  theory  of  aberration,  was 
so  fortunate  as  to  discover  a  new  variation  of  their  motion,  which 
he  found  to  depend  on  tlic  place  of  the  moon's  node :  for,  from 
the  year  1737  to  1736  he  perceived  that  those  stars,  vrben  near 
the  colures,  constantly  approached  the  pole ;  the  greatest  «lif- 
fereneo  between  the  observed  places  and  those  which  w*oultI 
result  from  the  general  precession  being  about  0  or  10  seconds. 
Tlie  observations  were  aflcm'ards  continued  till  \74&,  and, 
during  the  latter  interval,  the  same  stars  appeared  to  recede  from 
tlie  pole  by  the  same  degrees  as  tliey  approached  it,  and  to  an 
equal  extent  Corresponding  inequalities  being  observed  i 
right  ascensions  of  the  stars,  Dr.  Bradley  found  that  the 
nomenon  might  be  represented  by  supposing  tlie  pole  of 
earth  to  make  a  revolution  in  tlie  heavens  about  its  mean  p] 
in  the  circle  of  precession,  to  which  it  returned  at  intervals  of 
eighteen  years.  He,  at  first,  thought  the  revolution  was  per- 
formed in  a  small  circle,  but  more  accurate  observations  shewt^ 
that  the  pole  described  an  ellipse  whose  axes  were  equal  to 
10  seconds  and  14  seconds,  respectively. 

This  inequality'  was  immediately  )>erceived  by  Bradley,  (and 
that  astronomer  published  an  account  of  his  theory  in  tlie  Piii- 
losophical  Transactions  of  1748,)  to  be  caused  by  the  action  of 
the  sun  and  moon,  and,  it  m.iy  be  added,  of  the  planets,  on  the 
equatorial  regions  of  the  earth.  The  effect  above  described  i*, 
evidently,  only  that  part  of  tlie  whole  variation,  which  tU-pcnds 
on  the  attraction  exercised  by  the  moon,  since  its  restitution 
takes  place  in  the  period  of  a  revolution  of  her  nodes,  by  which 
she  is  repeatedly  brought  to  the  same  situation  with  respect  to 
the  earth's  equator ;  and  it  is  evident  that  tbe  variations  of  her 
attractive  force  must,  necessarily,  produce  corresponding  oscilla- 
tions in  the  podtion  of  the  equator,  altttmatcly  increasing  and 
diminishing  its  obUquity  to  the  ecliptic,  and  causing  the  equi- 
noctial points  to  advance  and  retrograde,  williiii  small  limits 
about  tlie  points  to  which  they  would  arrive  in  consequence  of 
the  general  precession.    The  apparent  oscillatory  movement  uf 
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ihc  pole  of  the  earth,  in  declination,  is  the  cause  liat  the 
phenomenon  received  the  expressive  name  of  nutation ;  and  tlie 
part  of  it  which  depends  npon  the  attraction  of  the  sun  on  the 
equator  was,  allerwards,  distingiushed  from  that  which  is  de- 
pendent on  the  moon,  but  its  amount  is  small  and  its  restitu^on 
takes  place  yearly. 

The  discoveiy  of  aberration  and  nutation  entirely  delivered 
the  fixed  stars  from  the  errors  to  which  the  obsen-ations  made 
on  them  were,  previously,  subject,  except  such  as  depend  on 
the  pro|)er  movements  of  the  stars  themselves :  these  arc  for- 
tunately very  small,  but,  to  reduce  the  cause  of  thcni  to  a 
flystem,  will  probably  require  the  assiduous  attention  of  a.«troHu- 
mors  formany  ages  to  come. 

The  ancient  philosophers,  in  their  physical  llicorics  of  astro- 
nomical re&action,  seem  to  have  supposed  the  atmosphere  to  be 
of  nnifoim  density ;  and  though  some  notice  is  found,  in  the 
worlts  of  Alhazen,  of  the  augmentation  produced  in  the  density 
of  the  air  near  the  earth  by  the  pressure  of  that  above,  yet  it 
does  not  appear  that  any  enquiry  was  made  concerning  lie 
nature  of  tlie  path  described  by  a  particle  of  light,  in  the  atmo- 
sphere, till  the  seventeenth  century;  when  the  successive 
refractions  in  the  different  strata  through  which  tlie  lifjlit  passed 
were  supposed  to  cause  each  particle  to  move  in  the  periphery 
of  a  conic  section.  Astronomers,  however,  nt  present,  consider 
B  particle  of  light,  on  entering  each  of  the  different  strata,  into 
which  tliey  imagine  the  atmosphere  to  be  divided,  from  the 
sur&cc  of  the  earth  upward,  to  be  attracted  from  its  previous 
course  by  a  force  proportional  to  the  densily  of  the  stratum ; 
and  their  conclusion  is  that  the  whole  refraction,  which  had 
formerly  been  supposed  proportional  to  the  tangent  of  the  zenith 
^stance  of  the  celestial  body,  dmply,  is  proportional  to  that 
term  lessened  by  about  three  times  the  value  of  the  refraction 
itself. 

The  different  temperatures  of  the  air  in  different  climates  of 
the  earth,  which  must  necessarily  produce  corresponding  varia- 
tions in  the  density  of  the  lower  strata  of  the  atmosphere, 
naturally  induced  an  opinion  that  the  value  of  the  horizontal 
re&action  was  different,  in  different  regions ;  and  this  seemed  to 
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be  coofimed  bj  ibe  obMnaboH  oC  Biehig,  wUcb  afieMed 
tfaU  ihe  refraction  at  C^vaae  vm  kas  tban  in  the  Irtkade  of 

pMi>.  Tlie  kmg  dmdkn  of  tarS^  ia  liie  wstikaB  R^em, 
has  ahraja  been  i  n— Jiliii  il  aa  a  proof  tfaal  Ihe  iHtartwM  an 
mack  grealer  then  dMB  IB  the  tempnab;  K«De;  aad  Ihe  asne 
eofkclnsum  is  dnwn  from  the  direct  ofasoratiaDS  ma4e  bj  ihe 
tme&h  mathesuticiaiia ;  accordiB|;  to  which  ihe  horigootil 
■cfractiaD  at  Ttaneo  is  equal  to  above  ftS  Mmnile»,  while,  ia 
England  aod  France,  it  does  oot  exceed  ihnrtr-thive  mianlea. 
^Tbe  dintinuticm  of  the  re&actioo  in  the  tonid  zone  ia,  bowercr, 
'  lendered  doubtfiU  by  the  obserralians  of  Bcmla  and  Dr.  Mas- 
I  helfse,  which  Kem  to  ihew  Ihat,  at  eqoal  ahitiidea,  Umr  ia  no 
eonble  difference  between  the  refractions  in  the  West  In^ea 
aid  in  this  part  of  the  world. 

Besidea  the  derangement  prodoced  in  the  places  of  all  Uk 
celestial  bodies  by  the  carrature  of  the  rajs  of  light  in  the 
atmosphere,  the  mttiatioD  of  the  observer  is  the  cause  of  a  dif- 
ference between  the  apparent,  and  that  which  is  conndered  •• 
the  true  or  geocentric  place  of  Ihe  am,  moon  or  a  planet ;  foe 
Ihe  latter  place,  which  is  giren  bj  astfODomical  tables,  being 
necessarily  that  to  which  the  obserred  body  would  be  reiferred 
by  a  spectator  at  the  centre  of  the  earth,  cannot  agree  with  tbo 
Ibrmer,  which  is  determined  by  obsen-ations  made  on  the  sar- 
frwe,  except  when  the  celestial  body  is  in  the  zenith  of  the 
obscTTCT :  the  difference  between  the  apparent  and  geocentric 
places  is  called  the  diurnal  parallax,  and,  tiU  the  value  of  thai 
which  relates  to  the  sun  could  be  ascertained,  it  is  evident  that 
the  absolute  distances  of  the  earth  and  planets  frnm  thtf 
luminary  would  be  very  imperfectly  estimated.  Of  all  the  bodies 
in  the  solar  syst«io,  the  moon,  however,  being  that  which  is 
nearest  to  us,  is,  on  that  account,  the  most  affected  by  the  above 
cause  of  error,  and  penniu  the  value  of  the  element  to  be  de- 
termined with  the  most  facility  and  precision.  From  the 
importance,  therefore,  of  the  lunar  parallax  in  practical  aatni- 
noinv,  considerable  efforts  hare  been  made  to  obtsdn  it  by 
direct  obsmations ;  but  those  which  arc  considered  as  afibrding 
the  most  satisfactory  results  were  made  in  the  time  of  BrodhiT 
and  Im.  Caillc,  when  tlie  latter,  at  the  Cape  of  Good  Hope,  and 
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the  former,  in  conjunction  with  other  astronomers,  in  the  prin- 
cipal observatories  of  Europe,  made,  by  previous  agreement, 
corresponding  observations  on  the  moon  at  llie  same  instant  of 
time.  These  observations  were  simply,  zeiiitli  distances  of  the 
moon,  taken  when  she  was  on  the  meridian  of  each  place  re- 
spectively, and,  afterwards,  reduced  to  one  common  meridian ; 
and  as,  in  the  northern  and  southern  hemispheres,  they  are 
affected  in  opposite  directions  by  Uie  parallax,  it  was  easy  to 
detemiiue  this  element  from  the  observations:  the  horizontal 
parallax  of  the  moon,  for  Paris,  was,  thus,  found  to  be  57'  39", 
and  that  at  the  equator,  from  the  spheroidal  figure  of  the  earth, 
wafl,  from  thence,  by  computation,  found  to  he  57'  1 1  ".4.  at  the 
mean  distance  of  the  moon  from  the  eartii ;  and  consequently, 
that  mean  distance  may  be  considered  equal  to  60.1054  semi- 
diameters  of  the  latter.  The  horizontal  parallax  being  known, 
the  parallax  corresponding  to  any  given  altitude  of  the  moon 
can  be  easily  found.  About  the  same  time  the  moon's  parallax 
was  deterrnincd  by  computing  the  versed  sine  of  the  arc  she 
describes  in  one  second  of  time,  from  the  proportion  it  bears  to 
the  assumed  distance  of  tlie  moon  from  the  earth,  aud  by  com- 
paring it  n~itb  tlic  space  which  a  body,  in  the  same  time,  describes, 
by  gravity,  near  the  latter ;  tie  spaces  descended  by  the  moon  and 
any  body  near  the  earth  being  inversely  as  the  squares  of  tieir 
distances  from  the  centre  of  the  earth,  tlie  ratio  between  the 
semidiameter  uf  the  latter  and  the  distance  of  the  moon,  becomes 
known ;  and,  hence  was  obtained  the  equatorial  horizontal 
parallax,  which  was  found  to  be  57'  12  .3-1,  when  the  moon  was 
at  the  mean  distance,  and  which  agrees  very  nearly  with  the 
ralue  found  by  observation. 

By  a  process  similar  to  that  nhich  has  been  kbovo  mentioned, 
La  Caille  at  the  Cape  of  Good  Hope,  and  Wargentin  at  Stock- 
holm, places  which  have  nearly  the  same  longitude,  obtained, 
in  1751,  from  the  simultaneously  observed  zenith  distances  of 
Mars,  and  his  distance  from  a  given  fixed  star,  tite  horizontal 
parallax  of  tiie  planet,  when  in  opposition,  and  found  it  equal  to 
S2".  9.  Such  a  process,  however,  is  quite  inapplicable  to  the 
detenoination  of  the  parallaxes  of  the  sun  and  of  the  other  su- 
perior planets ;  the  smaUness  of  that  element  rendering  it  inse- 
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paraMe  fiom  the  cxioisof  the  ofaaerratioDS :  but  it  had  been, 
pRTiooshr,  ptopoacd  to  aicqtaui  the  ifinnMil  paiaDax  of  the  sun 
indirectlT,  from  the  tiaDsds,  nhich  occasionall jr  occur,  of  the 
tvo  inlenor  planets  orer  that  hmunaiy ;  and  Venus,  being  that 
which,  at  her  inferior  coii|unction,  is  the  nearest  to  the  eaitb, 
was  particnhtflj  pn^M»ed  as  the  most  conrenient  for  this  im- 
portant purpose. 

The  trmats  of  Mercunr  frequently  occur ;  the  fir^t  of  which 
anj  account  has  been  giren  was  obserred  hy  Gassendi  in  1631; 
and  it  is  doe  to  the  memoiy  of  Shakeilans  to  record  that,  from 
his  attachment  to  astronomy,  he  made  a  royage,  in  1651,  to 
Snrat  purposdy  to  see  one  thcie,  which  was  inrisible  in  Eu- 
rope, and  that  he  lost  his  life  in  Persia  on  his  return.  Dr. 
Halley,  in  his  royage  to  make  obserraticMis  in  the  southern  he- 
misplKie,  also  obtained,  at  St.  Hdena.  a  complete  view  of  the 
transit  of  Mercury  in  1677 ;  and  it  was  while  employed  in  this 
serrice  that  he  proposed  the  two  transits  which  were  to  occur 
in  1761  and  1769,  to  be  obserred,  for  the  puipose  of  ascertain- 
ing the  sun^s  parallax  and  his  distance  from  the  earth;  both  of 
which  dements  would  thereby,  he  expected,  be  d^ennined  ex- 
tremdr  near  the  truth. 

We  hare  mentioned  the  transit  of  Venus  observed  by  Honox 
and  Crabiree,  in  1639 ;  but  the  circumstances  •ttfnding  the  ob- 
servation were  too  un&vourable  to  allow  the  computations 
fiMmded  on  it  to  be  entirdy  depended  on ;  the  transit  of  1761, 
though  diligently  observed  in  various  parts  of  the  woild,  also 
fidled  from  the  want  of  harmony  between  the  several  results  ob- 
tained from  it*  but  that  of  1769  was  more  fcntimate;  since  the 
observations,  when  reduced,  gave,  for  the  sun^s  parallax,  values 
between  the  limits  of  8".  5  and  S"".  8 ;  which,  however,  do  not 
diflfer  much  from  that  obtained  by  Mr.  Short,  from  his  observa- 
tions of  1761  *.  The  last  of  the  two  limits,  which  was  deter- 
mined by  Dr.  Maskelyne,  is  by  Dehmbre  considered  rather  too 
great,  but  it  is  admitted  that  the  error  is  probably  less  than  a 
quarter  of  a  second. 

The  data  to  be  obtained  from  the  observatiims  of  the  transit 
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over  the  sun's  disc  were  the  timcB  of  the  immersion  and  emer- 
sion of  the  planet ;  but  these  were  to  be  obsen'ed  at  two  or 
more  places  on  the  earth's  snrface,  where  the  iliiration  of  the 
transit  would  be  the  tiiost  lengthened  and  tlie  most  shortened* 
respectively,  by  the  effects  of  parallax ;  and,  that  these  condi- 
tions might  be  fulfilled,  the  places  chosen  were,  besides  the  sites 
of  the  principal  oliser\- atones  in  England  and  on  the  continent, 
Lapland  and  Kamtchatka,  in  the  north ;  St.  Helena,  the  Cape 
of  Good  Hope  and  the  Society's  Islands,  in  the  south,  and 
India,  near  the  equator;  and  to  these,  aslriiuoniers  were  sent 
by  the  different  sovereigns  of  Europe,  who  honourably  joined 
in  patronising  a  work  which  was  justly  considered  as  of  high 
importance  to  the  interests  of  science. 

To  give  a  brief  indication  of  the  nature  of  the  problem  for 
fmding  the  sun's  parallax  from  the  transit  of  Venus,  we  may 
slate  that,  if  the  contact  of  the  planet  witli  the  exterior  or  in- 
terior edge  of  the  sun's  disc  were  obsened,  the  sum  or  differ- 
ence of  the  semi-diameters  of  the  sun  and  planet,  taken  libm 
the  tables,  might  be  considered  as  the  hypotenuse  of  a  right 
angled  plane  triangle  whose  two  sides  are,  respectively,  the  dif- 
ference of  longitude  and  difference  of  latitude  of  those  celestia] 
bodies,  (these  differences  being  first  computed  from  tables,  for 
the  time  of  observation,  as  if  seen  from  the  centre  of  iho  earth, 
and  reduced  to  ttie  values  tliey  should  have  when  seen  from  the 
surface  by  applying  the  algebraic  expressions  for  the  unknown 
difference  between  the  parallaxes,)  then,  making  llie  sum  of  the 
squares  of  these  sides  equal  to  the  square  of  the  hypotenuse,  the 
equation  thence  resulting  will  serve  to  determine  the  said  differ- 
ence of  )ixe  parallaxes.  But,  the  relative  distances  of  tJie  sim 
and  Venus  from  ihe  earth  being  already  known,  the  ratio  of 
their  parallaxes  is  kno\vn  ;  since  the  paraUaxcs  are  inversely 
proportional  to  the  distances ;  and  Uio  separate  values  of  two 
quantities  can  be  found  when  we  know  their  differences  and  tlio 
ratio  between  tliem  :  thus  the  parallaxes  of  both  the  suu  and 
Venus  were  obtained.  The  computed  longitudes,  latitudes  and 
semi-diameters  of  the  two  bodies  being,  however,  affected  by 
ihe  unknown  errors  of  llie  tables  as  well  as  by  the  ]>araUaxes  ; 
it  became  necessary  that  several  observations  should  be  made  in 
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onler  that  there  migbl  be  obtained  a  sufltcient  Dumber  of  eqi 
tioiis  to  delcnuinG  all  the  uDlmown  cjuaDtities:  aiid,  from 
above  named  value  of  the  sun's  parallax,  8  .  6,  the  distance 
the  sun  from  the  earth  is  found  to  be  equal  to  23405 
meteis  of  the  latter. 

The  eighteenth  cenluij  is  become  celebrated,  also,  for  (he 
provements  made  in  telescopes  and  in  the  instruments  employed 
for  the  purposes  of  nautical  astronomy.  The  field  of  view,  in 
the  telescopes  which  had  been  in  use  before  the  middle  of 
century,  was  unavoidably  small,  and  the  illuminatii 
object  consequently  feeble,  on  account  of  the  apparent  disloi 
of  the  image,  and  the  coloured  fringes  with  which  it  was  enr- 
rounded,  wlien  the  aperture  of  the  instrument  was  extensive 
enough  to  allow  the  admission  of  as  much  light  ajs  would  render 
the  object  sufficienlly  brilliant;  but,  in  1757,  Mr.  DoUond, 
guided  by  the  theories  of  Euler  and  Clairaut  and  by  his  own 
experiments  on  lenses  formed  of  glass  possessing  diHerent  dc- 
giees  of  refractive  power,  invented,  or  at  least  made  public,  a 
construction  in  which  the  chromatic  aberration,  as  it  was 
called,  was  almost  wholly  removed,  and  the  spbcncal  aberration 
materially  diminished.  These  ends  were  gained  by  forming  a 
coinjjound  object  glass  consisting  of  a  convex  and  concave  lens 
hanng  dilTercnt  degrees  of  dispersive  power  with  respect  to  rays 
of  the  different  cotours,  these  being  separated  from  eai-h  other 
in  their  passage  through  the  glasses,  whose  surfaces  act  upon 
the  light  like  those  of  a  prism :  in  such  compound  lens,  by  a 
proper  adaptation  of  the  focal  lengths  of  the  two  glasses,  tbo 
rays  of  the  dilTerent  colours  could  be  made  to  unite  nearly  in 
the  place  where  the  image  is  formed ;  and  thus  the  latter  was 
rendered  suflicicntly  free  from  the  colours  with  which,  in  the  old 
construction,  it  was  embarrassed.  By  a  just  adaptation  of  the 
curvature  of  the  surfaces  of  the  object  ghtsses,  and  by  dividing 
the  whole  refraction  of  the  hght  coming  from  the  imagu  iu 
the  focus,  among  the  four  dilTerent  eye-glasses  of  the  telescope, 
the  distortion  of  the  image  was  also,  nearly,  corrected :  and  thus 
greater  aiagnifying  power  and  perfection  of  vision  was  ob- 
tained. 

From  that  time  sctircely  any  improvement  can  be  said 
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been  made  in  what  are  called,  irom  the  absence  of  the  prismatic 
colourg,  achrontalic  telescopes ;  but  the  telescopes  fonned  with 
metallic  specula  have  undergone  several  changes,  and  the  instni- 
ments  of  this  Hod,  constructed  by  the  late  Sir  William  Herschell, 
far  exceeding  in  magnifying  power  any  of  those  formed  wholly 
with  glass  lenses,  have  contributed  materially  to  increase  our 
knowledge  of  tlie  constitution  of  the  heavenly  bodies. 

In  1731,  Mr.  Uadley,  the  ingenious  contemporary  of  Bradley 
and  Molyneux,  pursuing  a  jjrinciple  which  had  been  proposed 
by  Newton,  brought  to  a  state  of  great  perfection  the  reflecting 
octaut  and  sextant,  by  wliich  the  altitudes  of  the  sun,  moon 
and  stars,  and  llie  angidar  distances  between  them  have  ever 
since  been  measured  for  the  purpose  of  obtaining,  by  celestial 
obsenations,  the  latitude  and  longitude  of  a  ship  at  sea,  or  of  a 
place  on  land,  where  the  instruments  employed  in  regular  ob- 
servatories arc  not  to  be  had.  A  considerable  change,  however, 
has  since  taken  place  in  instruments  of  this  nature  by  making 
tbem  completely  circular,  and  capable  of  measuring  the  angle 
between  the  objects  many  times  successively,  in  consequence  of 
which  the  greatest  correctness  may  be  obtained.  Mayer,  of 
Gottingen,  in  1758,  first  constructed  such  repeating  circles,  as 
Ihey  were  called,  and  they  have  since  been  much  improved;  but 
that  kind  which  possesses  the  highest  character  for  accuracy 
was  made  public  hy  the  chevalier  Borda,  in  1781). 

It  appears  Irom  a  report  made  by  Newton,  in  1714,  to  a  com- 
mittee of  the  lTou.se  of  Commons,  on  a  method  proposed  by 
Whiston  for  finding  the  lougitude  of  a  ship  at  sea  by  the  place 
of  the  moon,  that  the  theory  of  the  latter  was  not,  then,  accurate 
enough  to  determine  that  element  within  less  than  two  or  three 
degrees  of  the  truth :  but,  ui  proportion  an  improvements  were 
made  in  the  instruments  of  obsen'ation,  the  inequalities  of  the 
moon's  motions  were  more  correctly  determined ;  and  Mayer, 
who  had  dihgeiitly  apphed  himself  to  this  branch  of  astronomy, 
succeeded  in  constructing  a  set  of  lunar  tables  fi-om  which  the 
distance  between  the  sun,  or  a  star,  and  the  moon,  could  be 
computed  for  any  given  time  with  sufficient  correctness  to  be- 
come capable,  by  comparison  witli  tlie  observed  distance,  of 
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use  of  chronometers,  for  that  purpose,  by  nautical  men, 
during  long  voyages,  has  ever  since  been  general.  A  seaman, 
therefore,  previously  to  his  departure  from  the  British  shores, 
has  only  to  set  the  index  of  the  machine  to  the  actual  in- 
stant of  mean  time  on  the  meridian  of  the  Greenwich  ob- 
servatory; and,  in  any  part  of  the  world,  however  remote 
from  thence,  if  he  find  his  time  by  celestial  observations,  his 
distance,  in  longitude,  from  that  meridian,  will  be  expressed 
at  once  by  the  difference  between  the  time  thus  found  and 
that  shewn  by  the  chronometer. 
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OPERilTIOXS  FOB  DSTERMINniG  THE   FIGURE  OF  THE   EAfiTH. 


An  Arc  of  the  tcrrertrial  meridian  memirad  in  France  by  Picard  and  Cm- 
sinL — The  terrestrial  spheroid  supposed  at  first  to  be  prolate.— Proof  of  the 
diminution  of  gravity  in  the  equatorial  rq;iott8. — Arcs  of  the  meridian 
measurfd  in  Lapland  and  Peru.— The  figure  of  the  earth  proved  to  be 
ohiate.— Trigonometrical  operations  in  £ng]and.-TArc8  of  the  meridian 
measured  in  various  parts  of  the  world. — Great  geodetical  c^>erations  in 
France  and  Spain. — Experiments  of  Captain  Sabine  on  the  lengths  of  pendu- 
lums.— Ratio  of  the  earth's  equatorial  and  polar  diameters. — Effects  of  load 
attractions  in  geodetical  and  astronomical  obsenrationiL 

In  the  time  of  Newton  the  question  of  the  dimensions  and 
figure  of  the  earth  particularly  engaged  the  attention  of  mathe- 
maticians, and  several  efforts  were  made  to  determine  both,  bj 
ascertaining,  and  comparing  together,  the  lengths  of  certain  por- 
tions of  the  terrestrial  meridian.    The  attempts  of  the  ancient 
Greeks  and  Arabians  to  acquire  a  knowledge  of  the  earth's  mag- 
nitude have  been  already  mentioned,  and  we  may  observe  that 
similar  attempts  had,  just  before  the  time  of  which  we  are  speak- 
ing, been  made  by  Ricciolus,  Femd,  and  Snellius,  on  the  con- 
tinent, and  by  Norwood  in  England ;  but  from  their  labours  no 
satis&ctory  conclusion  could  be  obtained,  on  account  of  the  inac- 
curacy of  their  itineraiy  measurements.    At  length,  about  the 
year  1670,  the  French  Academy  of  Sciences  engaged  Picaid  to 
determine  the  distance,  in  the  direction  of  the  meridian,  from 
Malvoisine  to  Amiens,  by  means  of  a  measured  base  line,  and  a 
series  of  triangles  formed  between  those  places.    This  base  was 
made  a  side  of  one  of  the  triangles,  and  the  angles  of  all  the 
triangles  being  taken  with  instruments,  the  lengths  of  the  several 
sides  were  computed ;  from  which,  with  the  observed  azimuths, 
or  bearings  of  the  sides  from  the  meridian,  the  corresponding 
arcs  of  the  meridian  were  found :  finally,  comparing  the  length 
of  the  whole  arc  with  the  difference,  in  latitude,  between  its 
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extremities,  it  was  found  that  the  length  of  a  degree  of  the  me- 
ridian, in  that  district,  was  57060  toises.  The  arc  of  llie  meridian 
measured  by  Picard  was  afterward,  by  Dominicus  Cassini,  ex- 
tended from  Amiens  to  Perpignan,  towards  the  south,  and  by 
Jaques  Cassini,  in  1713,  from  Amiens  to  Dtmkirk,  nortliward; 
and  the  lengths  of  llie  different  degrees  of  latitude  witliin  this 
extent  being  separately  ascertained,  it  was  found  that  they  di- 
minished in  going  from  north  to  south,  a  circumstance  which  indi- 
cated that  the  polar  diameter  exceeded,  in  length,  the  equatorial 
diameter  of  the  earth,  oi  that  our  planet  had  the  form  of  a  prolate 
spheroid  :  this  indication  appeared,  subsequently,  to  be  con- 
firmed by  the  results  which  Cassini  de  Thury  obtained  from  the 
measurement  of  the  length  of  a  degree  of  longitude  in  the  parallel 
to  Brest;  for  this  was  found  to  be  shorter  by  781  toiscs  tlian  it 
should  have  been  if  the  earth  were  a  perfect  sphere  ;  and,  if  such 
bad  been  the  fact,  it  would  also  have  followed  tliat  tlie  eartli 
was  elongated  in  the  direction  of  its  axis.  Hence  arose,  in 
France,  a  prejudice  in  favour  of  this  opinion,  which  was  not 
easily  removed,  and  wliich  operated  strongly  for  a  time  to  retard, 
on  tlie  continent,  the  acquiescence  in  the  Newtonian  theory  of 
gravitation  ;  because,  from  the  latter,  as  we  have  seen,  in  con- 
sequence of  the  earth's  rotation  on  its  axis,  it  should  have  heesi 
found  that  the  equatorial,  is  longer  than  Hie  polar  diameter,  or 
that  the  earth  is  an  oblate  spheroid.  While  the  opinion  prevailed 
that  the  polar  diameter  was  the  longest,  tliere  were  not  wanting 
philosophers,  lilie  Mairan,  in  France,  who  believed  that  they  had 
discovered  a  physical  reason  for  it,  though  it  is  now  known  to  have 
had  no  other  foundation  than  the  inaccuracies  of  the  observa- 
tions and  admeasurements ;  it  is,  however,  but  iair,  to  say  that, 
when  the  error  was  detected,  it  was  with  the  utmost  candour 
acknowledged,  and  ample  justice  was  rendered  to  llie  sagacity 
of  the  English  philosojiher  whose  theory  now,  daily,  received 
additional  confirmation  from  the  agreement  between  the  conse- 
quences drawn  from  it  and  the  results  of  operations  then  con- 
stantly carried  on  with  superior  diligence  and  care. 

A  proposal  having  been  made  in  the  French  Academy  to  ascer- 
tain the  parallax  of  Mars,  at  the  time  of  bis  opposition  to  the 
sun,  by  bis  distance  from  a  certain  fixed  star  observed  at  the 
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same  instant  in  two  places,  considerably'  distant  from  each  other, 
on  tlie  earth ;  with  a  view  of  computing,  from  thence,  the  Taliw 
of  the  sun's  parallax  and  the  distances  of  the  planets  from  that 
luminary ;  M.  Richter,  one  of  the  members,  was  appointed  U> 
proceed  to  Cayenne  in  order  to  make  there  the  necessary  ohser- 
valions,  simultaneously  with  those  which  were  lo  be  made  nt 
Paris,  and  was  fumisJied  with  a  pendulum  clock  for  the  purpose 
of  obtaining  t)i9  right  ascensions  of  stars  by  their  transits  orer 
the  meridian:  on  comparing  togetlier  the  times  of  the  transits  of 
particular  stars  on  successive  nights,  this  astronomer  was  sur- 
prised to  find  that  the  pendulum,  which  had  been  carefully  regu- 
lated according  to  mean  time  at  Paris,  made,  in  one  day,  at 
Cayenne,  a  number  of  vlbratious  less  by  148  than  it  made  at  the 
former  place,  or  that  the  movement  of  the  clock  was  loo  slow, 
daily,by2'  28";  so  that,  to  cause  thependulum  tomakethe  same 
number  of  vibrations  at  both  places,  it  was  fotmd  necessary,  at 
Cayenne,  to  diminish  its  length  by  above  one  tenth  of  an  incii. 
Now,  as  the  effect  was  too  great  to  be  considered  as  arising  from 
the  expansion  of  the  rod  by  heat,  or  from  a  greater  resistance  of 
the  air  in  those  regions,  no  other  conclusion  could  be  drami  from 
it  than  that  the  force  of  gravity  was  I&ss  near  the  equator  titan 
in  France ;  and  though,  at  first,  some  doubt  prevailed  concern- 
ing the  justness  of  tliis  conclusion,  because  it  was  supposed 
possible  that  the  difference  in  the  time  of  a  vibration  might  be 
owing  to  some  local  cause ;  yet  when,  soon  afterward,  simitar 
results  were  obtained  from  observations,  made  expressly  for  the 
purpose,  in  othor  parts  of  the  world,  it  was  readily  admitted 
Uiat  the  fact,  in  accordance  with  the  Newtonian  theory,  amounted 
to  a  satisfactory  demonstration  that  the  equatorial,  was  loager 
than  the  polar  diameter  of  the  eartli ;  in  consequence  of  which, 
terrestrial  bodies  at  the  surface  of  the  latter,  in  the  equatorial 
regions,  being  further  from  the  centre  than  in  France,  were  lew 
powerfully  altnicted  by  gravity,  and  more  affected  by  the  centri- 
fugal force  arising  from  iJie  earth's  daily  rotation  on  lis  axis.  ^M 
Hut  the  timits  of  Franco  were,  evidently,  insufficient  to  al1of^| 
any  conchisive  argumeut  concerning  the  figure  of  the  earth  nl 
be  draK'n  from  the  variations  in  the  Icngtlis  of  the  degroes  of 
latitude  measured  in  that  country  alone ;  and  the  deain;  of  ob- 
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taining  data  from  more  extensive  operations  induced  the  French 
Academy  to  send  some  of  the  distinguished  men  who  were  then 
associated  with  that  learned  body  to  the  torrid  and  frigid  zones 
for  the  purpose  of  ascerudning,  by  their  admeasurements,  with 
more  precision,  the  proportion  between  the  equatorial  and  polar 
diameters  of  the  earth ;  the  length  of  a  degree  measured  in  one 
of  those  regions  compared  with  that  of  a  degree  measured  in 
the  other,  necessarily,  presenting  a  much  greater  difference  than 
can  exist  between  two  degrees  measured  in  any  one  country. 
In  1735  M.M.  Maupertnis,  Clairaut  and  Lemonnier  proceeded  to 
Laplaud  and,  at  tlie  same  time,  M.M.  De  la  Condamine  and  Bou- 
gner  sailed  to  Peru  to  fulfil  the  objects  of  their  respective  missions ; 
the  former  party  was  joined  by  M.Celsius,  a  Swedish  philosopher; 
and  the  latter,  by  the  Spanish  mathematicians  Don  George  Juan 
and  Don  Antonio  di  Ulloa;  and  each  party,  labouring  for  its 
own  glory  as  well  as  for  the  interests  of  science,  prosecuted  its 
operations  with  singular  zeal  and  assiduity.  That  in  the  north 
encountered,  as  may  be  expected,  vast  difficulties  from  tho 
nature  of  those  frozen  regions;  a  base,  however,  was  measured 
upou  the  ice  of  the  river  Tomeo,  the  mercury  in  Reaumur's 
thermometer  being  at  37  degrees  below  the  freezing  point,  and 
a  series  of  triangles  was  extended,  from  the  city  of  that  name, 
to  Polio,  towards  the  north,  including  an  arc  of  nearly  one 
degree ;  and  tlie  result  of  the  operations  was  that,  in  the  seventy- 
sixtli  degree  of  latitude,  the  length  of  a  degree  on  the  meridian 
is  equal  to  57438  toises.  Tho  measiu^d  arc  of  the  meridian  in 
Peru  extended  along  the  valley  of  the  Cordilieres,  from  Cotches- 
qui,  nearly  under  the  equator,  to  Tarqui  towards  the  south ;  and 
the  difference  of  latitude  between  the  two  extremities  of  the  arc 
was  rather  greater  than  3  degrees :  the  operations  cost  the  labour 
of  eight  years,  and  the  leugtli  of  a  degree  at  the  equator  was 
found  to  be  equal  to  50753  toises  [=60484-5  EngUsh  fa- 
thoms]. 

On  the  return  to  Paris,  of  the  matliomaticians  who  had  been 
engaged  in  tliesc  distant  and  laborious  surveys,  a  comparison 
was  made  of  the  results  they  had  obtained;  and  the  earth's 
compression  at  the  poles  was  determined  from  the  lengths  of 
the   degrees   of  latitude  in  the   several   places:    considerable 
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tioDs;  but  tlie  pfan  first  adopted  bf  gorcrmwnl  was,  afterwaidy 
enlarged,  and  a  conqpkte  tfigonoaMtiical  ssrrer  of  Great  Britaai 
was  executed  dneflj  ondcr  the  dbectioD  of  Genenl  Mndge  whe^ 
in  the  comae  of  the  pioceedmgSy  in  the  jean  1800, 1  and  8,  sea- 
sored,  between  Dimnose  in  the  Isle  of  Wight  and  CUIUni  m 
Yorkshire,  an  arc  of  the  meriAan  indoding  neailj  three  degrees 
of  latitude,  from  which  it  was  found  that  the  length  of  a  degree, 
inhA.Mf'  W  80^',  is  equal  to 00766  Eng^  fiuhoms;  and  in 
kt  5V  ^  M\  to  608S4  firthomsV    Cohmel  Colbjr 
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quently  assneiated  nith  General  Afudge  and,  after  the  death  of 
the  latter  officer,  he  had  the  sole  direction  of  this  great  national 
undertaking. 

The  latter  part  of  the  eighteenth,  and  the  beginning  of  the 
nineteenth  centuries  form  a  period  celebrated  for  the  geodetical 
operations  which,  nearly  at  the  same  time,  were  carried  on  in  dif- 
ferent parts  of  the  world;  besides  the  measurements  in  France 
and  England,  Peru  and  Lapland,  of  which  we  have  spoken,  the 
JengtJj  of  a  degree  was  determined  near  Rome,  by  Boscovich  and 
Ijcmaire;  in  Pennsylvania  by  Mason  and  Dixon.  In  1751,  La 
CaiUe  measured  one  at  the  Cape  of  Good  Hope ;  and,  between 
the  years  180-2  and  1610,  Major,  afternarda  Colonel  Lanibton 
executed  a  similar  operation  on  the  coast  of  Coromandel.  The 
operations  in  Pennsylvania,  on  accoimt  of  the  nearly  level  state  of 
that  country,  consii^ted  in  simple  measurements  made  actually 
in  the  direction  of  the  meridian  through  a  great  portion  of  the 
arc,  which  included  about  Ijdegreeoflatitude;  the  length  ofthe 
degree,  its  middle  jioint  being  in  39  degrees  north  latitude,  was 
found  to  be  60G'2S'5  English  fathoms.  The  degree  measured  at 
the  Cape,  in  33'  IW  south  latitude,  was  made  equal  to  57040 
toises  {=607904  English  fathoms,]  and  the  arc  in  India,  which 
extended  between  8  9'  38"  and  14"  6'  19'  north  latitude,  gave 
60496  English  fathoms  for  the  length  of  a  degree  whose  middle 
point  was  in  10°  34'  49 '  north  latitude ;  and,  on  comparing 
this  length  with  thai  of  the  degree  determined  by  Mudge  for 
52°  2'  20 '  north  latitude.  Colonel  Lambton  found  the  ratio  of 
the  earth's  axes  to  be  as  329  to  328  *.  But  the  above  works  are 
eclipsed  by  the  immenNc  i)pcrations  carried  on  in  France  be- 
tween the  years  1791  and  1808 ;  these,  which  were  determined 
npon  by  the  French  academy  in  tlie  midst  ofthe  troubles  caused 
by  the  revolution,  were  undertaken  for  the  double  purpose  of 
ascertaining  the  precise  length  of  a  degree  of  latitude  in  that 
country,  and  of  obtaining  the  value  of  a  standard  for  measures 
of  length,  which  should  be  invariable,  by  being  matte  to  bear  a 
certain  proportion  to  the  circumference  of  a  meridian  of  tlie 
earth.   A  base  was,  llicreforc,  measured  at  Melun,  near  Paris,  and 

*  AiUtic  Rewsrehn,  Tob.  vili.,  i.,  andui. 


L 


48-2 


Ol'E&ATluKS    FOR    DKTEItMiNiMi 


latn  sod 


tbe  seneA  of  triangles  was  exteotkd,  by  M.M.  ^lecbatn  i 
Delambie,  lo  Dnnkirt  and  Barcelona:  such  was  the  accxinci 
of  tlie  work  that  the  length  of  a  base  of  Teriflcalion,  which  wu 
measured  near  Perpignan,  at  400  uiles  frDin  the  first  ha«e,  being 
compared  with  its  computed  length,  as  a  ^de  of  one  of  the  tri- 
angles; Ilie  difference  was  found  to  be  less  than  one  foo4 '.  Tht 
length  of  the  degree,  determined  jrom  that  of  tlie  computed  ine- 
lidional  arc,  was  50977-8  toiscs,  [=()07-24  English  Cathoma,]  in 
the  latitude  of  44°  41'  48 ',  and  this,  compared  with  the  length  uf 
the  degree  in  Peru,  gave  the  ratio  of  334  to  333  for  that  of  the 
earth's  equatorial  and  polar  diameters  ".  M.U.  Biol  and  .\iagii, 
being  joined  by  two  Spanish  mathciuativians,  subsequently  pro- 
longed the  triangulatiou  as  far  as  the  island  FormeDtera  in 
the  Methtemmcan  ;  and,  adei  great  difficulty,  arising  firom  the 
small  light  afforded  by  tbe  mirrors  of  tlie  lamp  at  the  distance 
from  thence  to  the  coast  of  Valencia,  tliey  succeeded  in  fixing 
the  island  as  the  southern  extremity  of  the  arc  ■=.  M.  Biol  in 
conjunction  with  the  English  mathemaUciaus  finally  coulinued 
the  triangulatiou,  towards  the  north,  as  far  as  tlic  island  of  Unst, 
one  of  the  Hebrides  which,  then,  became  Uie  Umit  of  the  arc  in 
that  direction.  The  difference  of  latitude  between  Dunkirk  and 
Formentera  is  12°  2-2'  13"  and,  from  tlie  length  of  this  portion 
of  tlie  terrestrial  meridian,  its  circumference  is  compute  to  be 
84855*42  English  miles ;  one  forty  millionth  part  of  iliis  cir- 
cimiference  is  equal  to  39-378606  Enghslj  inches,  which  is 
the  value  of  the  unitary  measure  of  length  now  employed  in 
France.  Commissioners  from  various  countrios  met  in  Puns,  in 
1798,  to  decide  on  the  question  of  the  figure  of  the  earth  from 
the  data  afforded  by  such  trigonometrical  operations  as  hod 
been,  tlieii,  completed;  and  we  cordially  join  with  a  French 
writer  in  regretting  tliat  pohtical  circumstances  should  have 
prevented  the  countrj-  of  Newton  from  being  represented  in  ut 
assembly  of  learned  men  convoked  for  the  purpose  of  deli- 
berating on  a  su))ject  of  such  impoitance  to  iill  the  civilised 
world ''. 


*  B*BCi  du  Syilenic  iuetrii)ue  pu-  Dclaiabre. 

''  Delunbre,  Aitrnnoruie  Ttieuriqiie  el  rretii 

'  NoliM  lur  lea  npermliont  failea  «n  Etpagup,  par  M.  Biot. 

'  Voiron,  BitMire  de  1*  Attronomie,  trnixiiai*  pMtia. 
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During  the  perfonnance  of  lliesc  great  works,  obstTvationa 
were  made  Ivoth  in  rianco  and  Englaud,  at  several  of  tlie 
sUlionn  dotermined  by  the  surveys,  on  tbe  length  of  tbc  pen- 
dulum vibrating  seconds,  for  tlie  jjnqiose  of  ascertaining  the 
figure  of  the  earth  by  the  intensity  of  gravity  at  different  points 
on  its  surface  :  and  it  is  pleasing  to  ohsen'e  that,  iu  furtherance 
of  tliis  useful  object,  the  British  Government,  afterward,  contri- 
buted largely  by  appointing  Captiun  Sabine  to  make  similar  ob- 
eervations  at  several  places  beyond  the  seas :  this  distinguished 
officer,  in  1822,  sailed  in  the  Iphigenia  to  Sierra  Leone  and  the 
island  of  St.  Thomas ;  fiom  whence  he  proceeded  to  Bahja  in 
Brazil ;  and  returned  to  England  by  the  way  of  Jamaica  and  New 
York;  and,  at  all  these  places,  besides  experiments  relating  to 
the  intensity  of  terrestrial  magnetism,  he  made  many  observa- 
tions on  tlic  number  of  vibrations  performed  by  a  pendulum  of 
invariable  length  in  given  times.  The  instrument  was  of  the 
kind  recommended  by  C'aptain  Kater,  having  its  centres  of  sus- 
pension and  oscillation  convertible,  by  which  a  very  accurate 
measurement  of  the  interval  between  them  could  bo  made, 
and  the  length  of  the  seconds'  pendulum,  consequently,  could 
be  easily  deduced.  In  the  following  year.  Captain  Sabine  sailed, 
in  the  Griper,  to  Norway,  Greenland  and  Spilzbergen,  for  the 
like  purposes ;  and  thus,  the  observations  were  extended  from 
the  equator  to  a  point  as  near  as  possible  to  the  pole  :  from  a 
careful  discussion  of  all,  it  was  found  tliat  the  length  of  the  equa- 
torial pendulum  vibrating  seconds  is  equal  to  39*01568  English 
inches,  and  tliat  the  force  of  gravity  at  the  pole  is,  to  that  at  the 
equator,  as  120213  to  1 ;  from  whence  the  ratio  of  the  equatorial 
to  the  polar  tUameter  of  the  earth  is  shewn  to  be  as  28it  tj  988  • : 
and  it  is  worthy  of  remark  that  this  agrees  very  nearly  with  the 
ratio  determined  by  La  Caille  from  observations  of  a  like  nature 
made,  between  tbe  years  1751  and  1755,  at  the  Cape  of  Good 
Hope,  in  the  Isle  of  France,  and  at  Paris. 

The  values  of  the  degrees  of  latitude  found  at  different  places 
on  the  earth's  surface  differ  from  each  otiier  more  than  might  be 
expected,  considering  the  great  attentions  that  have  been  paid,  to 

nerniinc  the  figure  of  ihe  earth,  bv  Edward  Sabine. 
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ascertain  and  make  allowance  for  everj'  hBown  cause  of 
In  France,  the  lengths  of  the  degrees  were  found  lo  go  on 
minishing  from  north  to  soutli  but  not  in  a.  rcgulai'  progressii 
in  England,  on  llie  contrary,  tiny  were  found  to  diminish  ft 
soutli  to  north  ;  so  that,  if  the  figure  of  the  eartli  were  to  be 
duced  from  the  degrees  in  the  former  of  these  countries  alone, : 
would  appear  to  be  oblate  ;  if,  from  tliO  degrees  in  the  latter, 
would  appear  prolale  :  but  it  was  never  supposed  that  tlie  i 
could  be  ascertained  from  the  lengtlis   of  a  few  degrees 
tiguoua  to  each  other  and,  therefore,  this  opposition  of  resultsa 
not  to  be  considered  as  militating  against  the  conclusion  drai 
from  a  comparison  of  the  degree  in  Europe  with  those  in  1: 
and  Peru,  which  decidedly  establishes  the  fact  of  a  compref 
at  the  poles.     Not  only,  however,  do  tlie  lengths  of  dej 
measured  in  the  northern  hemisphere  of  the  earth  deviate,  wil 
certain  small  limits,  from  the  values  they  should  have  on 
surface  of  a.  regular  spheroid,  but  tlie  degrees  measured  in 
responding  latitudes  in  the  opposite  hemispheres  also  disagree^; 
now,  two  opinions  only  can  be  fonned  concerning  these  discre- 
pancies, and  bolli  are  very  probably  correct ;  one  is,  that  the 
form  of  the  eavtb  is  neither  that  of  a  regular  spheroid  nor  ellip- 
soid, and  the  other,  that  local  attractions,  which  it  is  difficult  or 
impossible  to  estimate  accurately,  derange  tlie  plumb-lines  of 
the  instruments  by  which,  in  order  to  ascertain  the  latitudes 
the  stations,  the  zenith  distances  of  stars  are  measured, 
proportions  between  the  equatorial,  and  polar  diameters  of 
earth  are,  necessarily,  various ;  we   have  said  tliat  the  com] 
rison  of  the  arc  measured  in  France  with  that  in  Pdru,  in  whi< 
last  it  should  be  remarked  that  the  observations  of  Bougui 
were  made  use  of,  gives,  for  that  proportion,  334   to  333  ;  but 
M.  Delambre,  taking  a  mean  of  the  observations  of  Bouguer 
and  La  Condainine,  afrerwards  found  it  to  be  as  309  to  31 
We  have  said,  also,  that  tlie  lengtli  of  a  degree  in  India,  ci 
pared  with  that  in  England,  shewed  the  ratio  to  be  as  329 
328 ;  but  one  of  the  former  degrees,  being  compared  with  those 
measured  in  England,  France  and  Sweden,  produced,  for  a  mean 
result,  the  ratio  of  318  to  317;  and,  probably,  a  mean  of  thft 
ratios  above  assigned  by  Delambre  and  Lambton,  which  woi 
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be  as  314  to  313,  may  be  Uken  as  that  of  llie  greatest  and  least 
diameters  of  a  regular  spheroid  coinciding  as  nearly  as  possible 
with  the  true  figure  of  the  earth. 

M.  Bouguer  was  the  first  who  found,  by  the  changes  it  was 
necessary-  to  make  at  different  places,  in  the  length  of  the  pen- 
dnhim  vibrating  seconds,  that  the  force  of  gravity  diminished 
more  rapidly,  in  proceeding  towards  the  equator,  than  the  sphe- 
foidal  figure  of  the  earth  and  the  increase  of  centrifugal  force 
gave  reason  to  expect ;  and  he  was  led  to  imagine  that  the  late- 
nt! attraction  of  the  mountains,  on  the  pendulum,  might  be  the 
cause  of  the  ditfcrence :  to  ascertain  this  point,  he  took  the  zenith 
distances  of  certain  stars,  the  instrument  being  placed  on  tlie  side 
of  Chimborago,  and  he  perceived  indications  that  the  plumb-line 
deviated  about  7^  seconds  from  the  vertical  position  ;  but,  as  the 
nnallness  of  this  quantity  rendered  its  accuracy  doubtful,  the 
tnmintain,  from  its  size,  seeming  likely  to  cause  a  greater  devia- 
tion, Dr.  Maskelyne  was  appointed,  in  1774,  to  make  a  series  of 
observations  in  the  neighbourhood  of  the  Schchallion,  a  moun- 
tain in  Perthshire,  with  a  view  of  deciding  the  question :  for  this 
purpose,  with  a  sector  whose  radius  was  10  feet,  he  observed  the 
latitudes  of  two  places  on  opposite  aides  of  the  mountain,  and, 
on  comparing  the  difference  between  them  witli  that  determined 
by  geodetical  operations,  it  was  found  that  the  plumb  line  had 
really  been  attracted  in  conlrary  directions  at  the  two  stations, 
and  that  each  deviation  amounted  to  5". 8 '.  Besides  the  result 
thus  obtained.  Dr.  Hutton  found  that  the  density  of  the  whole 
earth  is  to  that  of  the  mountain  as  9  to  5 ;  and  Professor  nay- 
fair,  who  had  determined  by  direct  experiment  that  the  density 
of  the  latter  is  to  that  of  water  as  275  to  unity,  concluded  that 
the  mean  densitj'  of  the  earth  is  nearly  five  times  as  great  as 
that  of  water;  a  result  which  differs  but  little  from  the  deter- 
mination oi'  Newton.  No  doubt,  then,  can  exist  that  local  attrac- 
tions, arising  from  inequalities  on  the  surface,  and  the  want  of 
homogeneity  in  tlie  mass  of  the  earth,  influence  materially  tlie 
directions  of  the  plumb-lines  by  which  the  zeuith  of  the  observer 
is  ascertained ;  and,  consequently,  much  uncertainly  must  pre- 
vail concerning  the  latitudes  of  the  places  which  mark  the  limits 
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of  the  measured  arcs  of  terrestrial  meridians.  General  Mudge 
accounts  for  the  remarkable  variations  in  the  lengths  of  the  de- 
grees measured  in  England  by  supposing  that  his  plumb-line  was 
made  to  incline  towards  the  north,  at  all  the  stations,  by  attrac- 
tive forces,  which  augmented  in  intensity  in  going  from  south 
to  north ;  and  it  is  easy  to  conceive  that  such  attractions  may 
be,  partly,  the  cause  that  the  experiments  made  on  the  vibrations 
of  pendulums  in  different  places,  for  determining  the  ratio  of  the 
equatorial,  to  the  polar  diameter  of  the  earth,  give  results  dis- 
agreeing with  each  other  and  with  those  obtained  from  geodeti- 
cal  admeasurements.  Fortunately  these  differences  are  small  in 
value,  and  it  has  been  with  justice  observed,  that  our  present 
knowledge  of  the  form  and  dimensions  of  the  earth  is  quite  suf- 
ficient for  any  of  the  most  delicate  operations  of  astronomy, 
geography,  or  navigation. 
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Henchell'ii  rem^lu  ou  iheaolsr  npdU.  —  Opinions  coucrming  the  alBtenf  the 
moon's  lurface. — Di*ci>very  of  the  Gaorgium  Sidus. — And  of  the  foiic  new 
pUneti.— NolicM  of  tomv  antnent  tomeu — The  orbits  of  vomeM  luapeuted 

by  CuBini  tu  be  ciinea  rotiirnin|{  into  themielveg Dr.  Haltey  cmnptitM 

ihe  elcineuls  of  a  comet's  orbit.— L'ncertaiDty  of  the  computBtions  founiled 
on  ihe  obferved  plaws  of  cotnelii.— The  knowledge  of  the  fixed  iMni  is  yet 

imperfecl.—Chanftea  obierred  in  the  nppearauces  of  the  >lan Opinion  of 

Sr  W.  Herscbell  cotwerning  their  proper  aiotiona.—OliaDrred  movements 
in  Uie  douhle  and  raulti^ile  stars.— Opinion  of  Henchell  coacemiug 
the  iieliiil(c. —  An  idea  uf  K(.'[jler  conceruing  the  distnhutiona  of  tho  fixed 
star*. — Catal'igiiia  uf  stars. 


The  highly  improved  state  of  the  iiistruraonlA  employed  in 
mailing  celestial  observalions,  and  the  diligeiice  exercised  by  the 
illUBtnoiis  men  who,  during  tlie  eighteenth,  and  in  the  beginning 
of  the  nineteenth  centuries,  devoted  themselves  to  the  cultivation 
of  astronomy,  while  they  brought  to  light  many  facts  relating  to 
the  constitution  of  the  bodies  which  compose  our  system,  were 
the  means  of  greatly  extending,  if  we  may  so  speak,  the  regions 
subject  to  the  dominion  of  the  sun,  and  of  augmenting  tlie  num- 
ber of  planets  and  comets  which,  like  vassal  princes,  omi  the 
influence  nf  his  power.  The  nature  of  die  spots  which  occa- 
sionally  appear  on  the  sun  himself  were  attentively  examined 
by  Sir  W.Herschell,duringseveralj-ears,  with  the  finest  telescopes 
in  existence,  and  his  observations  have  led  him  to  the  conclu- 
sion that  they  are  caused  by  an  elastic  gas,  which,  issuing  fi-om 
the  solid  matter  composing  the  body  of  the  sun,  piercing  the 
luminous  strata  surrounding  it,  and  dispersing  itself  every  way 
abont  the  orifice,  permits  the  dark  nucleus  at  the  bottom  of  the 
perforation  to  become  visible  to  a  spectator  on  the  earth,  when 
the  latter  is  in  tlie  direction  in  which  the  perforation  has 
been  made ;  at  times,  also,  Sir  William  was  able  to  look  ob- 
liquely down  the  opening  and  distinguish  by  a  difference  of 
colour,  on  tlie  side  opposile  to  the  eye,  ihe  direction  of  the  thick. 
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ness  of  the  luminous  mass.  The  elasticity  of  tlie  gas  appesn, 
frequently,  insufficient  to  allow  the  particles  lo  malce  llieir  way 
through  the  matter  which  surrounds  the  sun,  and  then  it  swells 
it  into  ridges  or  nodules,  appearing  more  hrilliaut  than  the  reft 
of  the  surface ;  or,  escaping  in  small  quantities,  it  disturbs  thi; 
upper  surface  only,  irausing  gentle  swellings  or  shallow  indent- 
ations ;  the  last  of  which  are  rather  more  obscure  than  the  other 
parts  of  tlie  sun,  and  contra  many  small  dark  points,  like  poics, 
through  which  some  of  the  ascending  gas  has  passed. 

The  objects  which  diversify  the  visible  disc  of  the  moon  have 
not  been  so  minutely  distinguished  as  might  he  ex])ectcd  fmui 
the  magnifying  powers  of  our  telescopes:  though  the  nearest  to 
us  of  all  the  celestial  bodies,  she  is  still  too  remote  lo  afibrd  any 
indication  of  the  productions  of  nature  on  her  surface  which,  to 
judge  from  its  appeaiauce,  should  be  as  well  filled  for  the  sup- 
port of  vegetable  and  animal  life  as  the  earth  itself.  Her 
mountains,  occasionally,  are  disposed  in  chains  or  groups,  like  the 
Alps  and  Pyrennees,  and  rise  to  the  height  of  five  miles,  nearly  j 
but,  more  generally,  they  assume  the  appearance  of  annular 
ridges  enclosing  sjiaces,  fi'om  1800  to  IfiOOO  feet  deep,  like  the 
beds  of  lakes  or  seas,  or  the  craters  of  volcanoes  long  since 
extinct:  frequently  eoi  isolated  mountain  rises  from  a  plain,  with 
portions  of  rock  projecting  from  its  sides,  and  round  its  base  are 
scattered  fragments  Mhich  seem  to  have  been  separated  by  liiae 
from  the  principal  mass.  The  absence  of  those  variutiuns  of 
light  and  shade  which  would  be  produced  by  clouds  doming 
above  her  surface,  and  the  irregularities  of  the  ground,  visible  at 
the  bottom  and  on  tlie  sides  of  her  cavities,  have  given  reason 
to  bebcve  that  no  atmosphere  surrounds  her  and  tliat  she  is 
destitute  of  rivers  and  seas.  Such  are  the  opinions  generally 
entertained  coueeming  the  moon ;  but  M,  Schroater,  a  German 
astronomer,  ventures  to  assert  that  our  satellite  is  the  abtnle  of 
living  and  intellectual  beings :  he  has  perceived  some  indications 
of  an  atmosphere  which,  however,  he  admits,  cannot  cxcet-d  two 
miles  in  height,  and  certain  elevations  which  ajtpcar  to  him  lo 
be  works  of  art  rather  titan  of  nature,  lie  considers  ihal  a 
uniforraily  of  temperature  must  be  jiroduced  on  her  surface  t 
her  slow  rotation  on  her  axis,  by  the  insensible  change  from  d 
to  night,  and  the  att«nuated  state  of  her  atmosphere,  whiob  J 
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never  disturbed  by  storms ;  aud  that  Dgbt  vapours,  rising  from 
her  valleys,  fall  in  the  manner  of  a  gentle  and  refreshing  dew  to 
fertilize  her  fieJds'. 

To  this  astronomer  we  are  indebted  for  some  observations  on 
the  figure  and  appearances  of  Mars,  and  for  a  knowiedge  of  the 
times  in  which  Venus  and  Mercury  perlbrm  tlieir  revolutions 
on  their  axes  j  previously  to  his  time,  the  rotation  of  Venus  had 
been  uncertain,  and  that  of  Mercury  quite  unknown ;  but,  in 
1793,  Scliroeter  discovered  both,  from  the  recurrence  of  like  ap- 
]>earances  at  the  cusps  of  tlie  plauets  when  nearly  in  conjunc- 
tion with  the  sun. 

In  1781,  the  attention  of  Sir  William  Herschell  was  first 
attracted  to  a  star,  in  the  constellation  Gemini,  which  appeared 
to  be  larger  and  less  bright  than  the  rest ;  and,  continuing  to 
observe  it  during  a  few  nights,  he  found  that  its  place  in  the 
heavens  gradually  changed :  as  soon  as  tliis  circumstance  was 
communicated  to  the  learned,  the  principal  astronomers  of 
Europe  made  the  star  the  subject  of  llieir  nightly  obser\-atioQS, 
and  being  satisfied  that  it  was  rtally  in  movement,  they  apphed 
themselves  to  the  consideration  of  its  nature.  At  first,  it  was 
generally  tliought  to  be  a  comet,  and  attempts  were  mode  to 
compute  tlie  figure  of  ila  path  on  this  supposition;  but  M. 
Lexell,  of  St.  Petersburgh.  discovered  that  it  revolves  about  tlie 
sun  iu  an  orbit  which  is  circular  or  nearly  so,  and  tliat  its 
distance  from  the  sun  is  about  twice  as  great  as  tliat  of  Saturn  ;> 
and  La  Liinde  computed  that  the  period  of  ils  rei-ohition  is 
about  eighty-two  years,  These  dc terminations  being  confirmed 
by  all  subsequent  observations,  the  star  newly  observed  wa« 
acknowledged  to  be  a  planet  and  received  the  name  of  Urauus, 
of  Herschell,  or,  in  honour  of  the  reigning  monarch,  of  tlie 
Georgium  Sidus ;  the  last  of  which,  onlj',  has  been  adopted  in 
this  countrj-.  fl'ithin  a  year  from  its  discovery.  La  Place,  by 
means  of  several  excellent  observations,  ascertained  the  elhpticity 
of  the  orbit,  its  principal  elements,  and  the  perturbations  to 
which  it  is  subject  by  the  attractions  of  Jupiter  and  Saturn; 
£ad  it  is  worthy  of  remark  that,  among  these,  he  found  two,  pro- 
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ducing  eqimlions  of  its  mean  molton,  not  exceeding  two 
and  a  hall' of  a  degree,  of  which  one  is  accomplished  in  90yei 
and  the  otlicr  in  569  yeare.  This,  as  Voiron  obserres 
astonishing  proof  of  the  power  of  analysis ;  by  observation  al* 
the  variations  in  the  movements  of  the  planet  could  not  he 
certained  till  after  long  periods  of  time,  and  in  proportion 
they  became  sensible  to  the  observer;  but  Ihe  eye  of  the 
theraatician  penetrates  into  the  depths  of  ages  to  come, 
besides  foreseeing  several  other  inequalities,  it  is  enabled  to 
discover  a  correction  of  its  mean  motion  amounting  to  the  small 
quantity  above  mentioned,  and  compensated,  periodically,  in 
above  five  hundred  years.  The  power  of  Herschell's  tclesci 
made  known,  between  1787  and  1794,  that  the  planet  was 
companied  by  six  satellites,  two  of  which  are  remarkable 
having  the  planes  of  their  orbits  nearly  pcrpendiculai'  to  that  of 
the  jilanet.  On  examining  the  registers  of  M,  Le  Motmier  for  the 
year  1765,  several  positions  of  a  newly  observed  star  are  thequ, 
foimd  marked,  which,  from  the  subsequent  determinations  of 
places  of  the  above  planet,  shewed  the  star  and  planet  to  be 
same ;  and  it  is  evident,  therefore,  that  if  the  French  astronomi 
had  taken  the  trouble  to  compare  together  his  own  observations, 
he  would  have  anticipated  Dr.  Herschell  in  the  discovery  which 
has  rendered  the  latter  so  justly  celebrated. 

From  the  days  of  Kepler  it  had  been  suspected,  on  aci 
of  the  disproportion  which  the  inten*al  between  Mars  and 
piter  bears  to  those  between  the  other  planets,  that  a  plane! 
might  exist  in  that  interval ;  and  this  notion  was  thought  to  be 
rerified  when,  in  IftOl,  M.  Kazzi,  at  Palermo,  observed  a  small 
star,  in  Taurus,  which  was  moveable ;  the  star  was,  afterward, 
lost  in  the  sun's  rays,  and  was  not  again  discovered  till  .lanuarr 
in  1802,  when  the  fact  that  it  was  a  planet  was  fully  ascertained. 
To  this  the  name  of  Ceres  was  given,  and  the  elements  of  its 
orbit  were  presently  determined ;  it  presented,  however,  tbi* 
peculiarity,  that  the  inclination  of  its  orbit  to  the  ecliptic  was  far 
greater  than  that  of  any  other  ])lanet,  being  foimd  to  vary  (mm 
1 1  to  18^  degrees.   But  the  supposed  order  of  the  distances  of  the 
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planets  fiuiii  ilie  sun,  wiiicli  Beouied  to  be  cstablUbed  by  the  dis- 
covery of  tbis  last,  was  soon  found  to  be  deranged,  for,  in  1802, 
Dr.  Olbers  at  Bremen  announced  the  discovery  of  another,  whicb 
be  named  Pallas;  in  1804  M.  Harding,  at  Lilienthal,  discovered 
a  tbird,  to  which  he  gave  the  name  of  Juno;  and,  lastly,  in  1807, 
Dr.  Olbers  had  the  honour  of  discovering  a  fourth,  which  he 
called  Vesta.  As  atl  these  are  found  to  lie  of  very  small  magni- 
tude, compared  with  the  other  planets,  aud  to  describeorbils  nearly 
at  the  same  distance  from  the  sun,  Dr.  Olbers  conceived  that 
they  might  he  the  fragments  of  some  great  planet  which,  for- 
merly, revolved  about  the  sun  in  an  orbit  situated  nearly  in  tlie 
same  part  of  space,  but  which  had  been  destroyed  by  some  in- 
ternal convulsion. 

The  attention  of  the  learned  in  astronomy  will,  probably  for 
ages  to  come,  be  particularly  engaged  in  cnqniries  concerning 
the  nature  and  movements  of  comets ;.  these  being  the  only 
bodies  of  our  system  which  have  hitherto  in  some  degree  detied 
the  powers  of  modem  science,  it  may  be  expected  lliat  they  will 
become  the  objects  of  many  nightly  vigils  in  open  air  and  many 
laborious  researches  in  the  closet.  Tbe  comets  are  already 
known  to  partake,  in  some  measure,  of  the  nature  of  planets, 
but  the  persevering  industry  of  man  will  impel  him  to  multiply 
Iiis  observations,  and  renew  his  investigations  in  every  direction 
till  he  shall  have  learned  how  to  determine  with  precision  all 
the  elements  of  their  orbits  and  till,  fulhlling  the  pi'edicUou  of 
Seneca  in  all  its  extent,  be  slndl  have  demonstrated  that  both 
planets  and  comets  are,  in  every  respect,  similar  parts  of  the 
system  to  which  the  suu  is  a  common  centre  of  Ught,  heat  and 
movement. 

The  times  in  whicb  these  occasional  nsitants  were  considered 
as  tokens  of  the  Divine  displeasure  have  long  since  passed 
away;  and  an  intellectual  age  has  justly  classed  tijat  opinion 
with  the  other  dreams  of  an  idle  and  degrading  superstition : 
yet,  such  are  the  disadvantages  attending  an  imperfect  knowledge 
of  the  phenomena  of  nature,  tliat,  wheu  Uie  cornels  were  found  to 
be  masses  of  a  material  substance,  and  their  paths  were  per- 
ceived to  lie  among  the  ))lanet6,  the  terror  they  had  inspired 
changed  its  object^  and  an  apprehension  arose  that  some  great 
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calaeUrophe  would  befall  the  earth  bv  as  accidentiU  collision" 
with  one  of  these  wandering  bodies,  ^\^liston  had  ascribed  the 
Noachiau  deluge  to  a  condensation  of  Uie  watery  rapours 
forming  a  comet's  tail,  which  be  supposed  to  have,  when  that 
event  occurred,  enveloped  the  earth ;  and,  as  there  seemed  as 
much  reason  to  heUcve  the  matter  of  the  tail  to  be  fire,  as  water, 
it  was  equally  feared  that  a  second  deluge  or  a  geoeral  conflagra- 
tion might,  at  a  future  period,  on  a  hke  near  approach  of  some 
comet  to  the  earth,  involve  the  human  and  animal  races,  and  all 
the  works  of  men,  in  one  common  destruction.  It  appears  that, 
in  1774,  the  people  of  Paris  were  thrown  into  the  greatest  alarm 
by  a  memoir  of  La  T<ande,  in  which  that  astronomer  suggests, 
as  a  bare  possibility,  that  the  perturbating  forces  of  the  planets 
acting  on  a  comet  might,  in  process  of  time,  so  change  the  form 
and  position  of  its  orbit  as  to  bring  the  nodes  into  the  periphery 
of  the  orbit  of  the  earth,  and  thus  expose  the  latter  to  the  effects 
above  supposed;  tliese  apprehensions,  however,  have  been  long 
since  sheH*ii  to  be  groundless ;  for  the  chances  are  almost  infiiitie 
against  the  occurrence  of  sucli  a  position  of  the  nodes,  which 
the  continuation  of  tlie  perturbating  forces  would  immediately 
cliange ;  and,  even  if  so  situated,  the  chances  are  equally  great 
against  the  meeting  of  the  earth  and  comet,  which  could  only 
take  place  precisely  at  the  intersection  of  their  paths ;  the  pro- 
bability of  a  direct  collision  is  therefore  reduced  nearly  to 
notliing.  it  has  been  ascertained  that  no  one  of  the  known 
comets  approaches,  in  any  jjart  of  its  orbit,  near  enough  to  ll 
earth,  to  become  capable  of  producing  any  sensible  effect  by  jj 
attraction  on  the  waters  of  the  sea ;  and,  that  a  deluge  or  c 
flagration  might  arise  from  the  envelopment  of  llie  eanli  in  |] 
train  of  a  comet  is  disproved  by  the  fuel  that  this  aoc 
panimciit  is  constituted  of  matter  in  tlie  highest  degree  ^ 
attenuation. 

It  will  be  needless  to  state  the  notices  concerning  the  ap] 
ances  of  comets,  which  occur  in  the  writings  of  the  ancients 
and  hear  the  impress  of  their  superstitions;  let  it  suffice  (o 
ohsen'e  that  Aristotle  describes  one  as  being  accompaaiMl  by  ■ 
splendid  train  of  light  which  extended  over  one-third  of  tbe 
visible  heavens  and  at  last  ceasing  to  be  \  isihle,  in  the  constelb- 
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tioQ  Orion':  and  that  Justin,  speaking  of  the  comet  wbicli 
appeared  at  the  birth  of  Mithridates '',  says  it  continued  risiblo 
during  seventy  days  and  was  so  bright  that  all  the  heavens 
seemed  lo  be  on  tire ;  he  adds  that  its  train  spread  over  one 
quarter  of  the  lieavens  and  was  four  hours  in  rising  and  setting. 
Nicepboras  Gregoras,  quoted  by  Halley  in  his  Synopsis  Co- 
meijcie,  is  the  first  who  made  any  useful  observations  on  these 
bodies,  and  he  has  described  Uie  apparent  route  of  a  comet 
which  appeared  in  1337;  but  previousJy  to  the  seventeenth 
century  wo  have  lilUe  information  conceniiiig  them.  Several 
are,  however,  registered  in  the  Cliinese  annals :  Regiomontanus 
observed  one  in  1472,  wbieh  is  said  to  have  hod  an  immense 
train  and  lo  have  passed  through  40  degrees  of  a  great  circle  in 
one  day ;  and  the  movements  of  those  seen  by  Tyclio  Brahe  and 
Kepler  were  carefully  particularize<l. 

We  have  said  that  the  paths  of  comets  were  at  first  thought 
to  be  right  lines ;  and  Mhen  their  curvilinear  forms  were  re- 
cognized, before  a  suspicion  was  entertained  that  tliese  wandering 
stars  might  reappear  afler  intcn'als  of  time,  it  was  natural  to 
imagine  that  the  orbits  were  parabolical,  a  cunc  of  lliis  kind 
being  the  simplest  of  those  which  do  not  return  into  themselves. 
Hevelins  appears  to  have  been  the  first  who  proposed  the  idea 
of  such  an  orbit,  and  he  ascribes  the  motion  in  that  curve  to  a 
composition  of  the  impulsive  force  by  which  the  comet  was 
driven,  obliquely  as  ho  supposed,  from  the  mass  of  the  sun  or 
of  some  plauet,  with  a  tendency  to  the  sun,  produced  by  the 
attraction  of  the  latter.  The  observations  of  Cassini  on  a  comet 
which  appeared  in  167'2,  and  which  seemed  to  describe  a  route 
similar  to  that  uf  one  which  had  been  observed  by  Tycbo 
Brahe,  in  1577,  first  induced  an  opinion  that  tliese  celestial 
bodies  sometimes  returned  to  our  system,  and,  consequently, 
that  they  describe  what  are  called  re-entering  curves  in  their 
revolutions  about  the  sun. 

On  the  twentieth  day  of  December,  in  1680,  appeared,  above 
the  horizon  of  London,  the  finest  comet  seen  since  the  revival  of 
leaming ;  it  became  visible  in  the  evening  soon  aA«f  sun-set 
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and  carried  a  train  of  vast  extent,  but  it  was  then  BradnaBf 
receding  from  the  sun  and,  after  four  or  fire  months,  it  rettecd 
to  be  [lerceplible.    The  same  comet  is,  howcrer,  saicl  to  bate 
been  obsen't'd  at  Coburg  in  Germany  in  the  prce^ding  Novem- 
ber, when  it  u'os  approaching  the  sun ;  and,  from  tlie  data  whicli 
all  the  observations  furnished,  Doerfel  cnminited  the  elements  of 
lis  orbit  on  the  supposition  that  it  had  the  form  of  a  pamtmla ; 
but  Dr.  Halley,  remarking  that  a  considerable  comet  had  now 
for   the  fourth  time  appeared,   at  inten-als  of  575  years ;  t 
firHt  at  tile  death  of  Csesar,  and  the  tliird,  or  that  which  il 
mediately  preceded  the  present  comet,  in  the  year  HOG,  fd 
cording  to  the  Saxon  Chronicle,]    conceived  Uiat  they  might 
be  the  same ;  and,  Ijy  trial,  he  found  an  ellipite  in  which,  from 
the  tlieory  of  gravitation,  a  comet  might  revolve  in  that  period 
and  which,  at  tlie  same  time,   passed  very  nearly  through  the 
points  determined  by  the   observed  longitudes  and  latitudes ; 
and,  from  the  dimensions  of  this  ellipse,  it  was  ascertained  that  tbft  ■ 
comet,  when  in  the  perihelion  point,  was  at  b  distance  from  Ul^^H 
Biuface  of  the  sun  less  than  one-sixth  of  the  semitiiomctor  9^^^ 
this  luminary  '.  ^ 

Dr.  HaJley  also  calculated  the  orbits  of  two  comets  which  hail 
been  observed  in  1556  and  Ififil ;  and  comparing  the  first  with 
one  which,  according  to  Maltliew  Paris,  appeared  in  1261,  and 
the  other,  with  one  observed  by  Apian  in  1532>  he  foimd  them, 
respectively,  to  be  so  nearly  tlie  same,  in  the  places  of  their 
perihelion  points  and  the  distances  of  these  from  ibc  sun,  and 
also,  in  the  inclinations  of  their  orbits  and  the  places  of  their 
nodes,  as  to  aiford  reason  to  believe  that  the  two  last  wen-  ideo- 
Ijcal  with  the  two  former ;  the  periodical  lime  of  that  which 
appeared  in  1264  and  1556  is,  therefore,  292  years,  and  that  of 
the  other,  129  years ;  the  former  may  consequently  bo  expected 
in  184B,  and  the  other  should  have  reappeared  in  171*0;  as 
this  did  niit  happen,  the  identity  of  the  comets  of  1532  and 
1661  is  doubtful,  or  it  may  be  imagined  that  tlie  pertin-battona 
of  the  oilier  bodies  in  the  system,  have  so  deranged  the  orbit 
■  to  prevent  the  possibihty  of  its  recognition.     It  is  needleu  b 
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say  that  lilUe  reliance  can  be  placod  on  the  computed  retam  of 
the  first  comet. 

In  1682  there  appeared  a  comet  in  a  part  of  the  heavens 
where  one  had  been  observed  in  1607,  and  Dr.  Hallcy,  having 
computed  llie  principal  elements  of  both,  found,  from  tlieir  near 
coincidence,  that  the  comets  must  be  identical :  as  the  inter- 
val of  these  appearances  is  between  75  and  76  years,  ho  ven- 
'tured  to  assign  that  interval  as  Uie  periodical  time  of  the  comet's 
levohition  and  to  forelcl  that  it  would,  next,  be  visible  in  the 
year  1759.  The  French  astronomer,  Clairaut,  subsequently  cor- 
rected the  value  of  the  period  ^vhich  had  been  determined  by 
Ualley,  on  account  of  tlie  perturbations  produced  by  the  attrac- 
tions of  Jupiter  and  Saturn ;  and,  lor  the  first  time,  a  prediction 
relating  to  tlie  return  of  a  comet  was  fidfdled ;  for  this  again 
appeared  in  1758  and  passed  the  perihelion  point  of  its  orbit 
in  March  1759,  only  thirty  days  earlier  than  the  time  found  by 
Clairaut ;  and  thus  was  established  the  fact  that  the  comets 
are  subject  to  the  same  laws  of  motion  as  the  planets.  This 
is  that  which  is  particularly  distinguished  by  the  name  of 
Halley's  comet;  the  first  notice  we  have  of  it  is  its  appear- 
ance in  1456,  and,  from  the  computations  of  M,  Damoiseau,  it 
may  with  confidence  be  expected  lo  pass  the  perihelion  about 
November  26,  1835.  The  aphelion  point  of  its  orbit  was,  by 
Dr.  Ualley,  computed  to  be  1300  millions  of  leagues  from  the 
8UD,  and  the  iierihehon  point,  only  20  millions :  and  it  is  said 
that,  when  near  this  last  situation,  the  comet  presented  phases, 
like  the  moon. 

The  orbits  of  above  one  hundred  comets  are  now  considered 
OS  known  ;  but,  if  we  except  the  comet  of  Halley  and  two  others 
which  were  discovered  by  M.M.Encke  and  Biela,  in  Germany, 
whose  computed  returns  have  been  satisfactorily  verified,  tho 
determinations  of  tlieir  major  axes  and  tlie  limes  of  their  revolu- 
tions, being  founded  on  obsen'ations  made  during  the  short  limes 
io  which  the  bodies  are  visible,  are  yet  too  uncertain  lo  inspire 
much  confidence :  the  periodical  revolution  of  Encke's  comet  is 
accomplished  in  3^  years,  and  that  of  the  comet  of  Biela  in  6f 
years ;  the  former  came  to  its  perihelion  in  J 
in  November  of  the  last  year,   183t2.      In   1770  appealed 
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comet  wbich  was  said  to  have  been  greater  than  the  moon ;  xai, 
of  all  that  have  been  observed,  this  is  that  which  has  approached 
the  nedrcst  to  the  earth :  it  was  visible  both  before  and  after  its 
arrival  at  the  perihelion  point ;  and,  from  its  podtions  in  space, 
MM.  Euler  and  Lcxcll  found  its  orbit  to  be  elliptical,  and  tbe 
time  of  its  revolution  to  be  between  five  and  six  years :  yet  it  bas 
never  since  appeared ;  and  it  is,  therefore,  evident  that  its  path 
must  have  sitfiered  some  very  great  change,  probably  by  the  at- 
txactiou  of  Jupiter,  part  of  whose  orbit  appears  to  be  near  the 
aphelion  of  that  of  the  comet.  In  determining  the  periodical 
time  of  the  comet  of  1769,  the  same  mathematicians  found  this 
element  imcertain  to  the  amount  of  TO  years ;  for  the  obser^-at 
are  equally  well  represented  by  two  ellipses,  in  which  tlie 
of  revolution  are  440and  51U  years  respecUvcly  ;  and  Pingre 
signs  to  the  period  1231  years.  Four  periods  have  been  found 
by  M.  Bessel  for  the  comet  of  1807,  of  which  the  least  is  1488 
years  and  the  greatest  1952  years;  and  that  of  the  great  comet 
seen  in  181 1  is  said  to  be  either  2301  or  3056  years :  it  must  be 
concluded,  Uicrefore,  that  much  yet  remains  to  be  done  before 
the  cometary  theory  will  be  capable  of  bearing  a  compi 
with  that  of  the  planets. 

It  has,  often,  been  maintained  that  the  regions  of  space 
pied  by  the  bodies  of  the  solar  system  are  filled  with  an  ethci 
matter;  and  that  tlic  resistance  jiroduced  by  it  is  the  cause  of 
those  inequalities  which  are  ohseri'ed  in  the  motions  of  the 
planets,  and  which  could  not,  at  one  time,  be  accounted  forftx>m 
the  theory  of  gravitation.  It  is  well  known,  however,  that,  in 
proportion  as  the  analytical  processes  employed  in  physical 
astronomy  were  extended,  the  several  apparent  anomahes  were 
found  to  be  comprehended  within  the  grasp  of  the  general 
theory ;  and  it  is,  now,  no  longer  necessary  to  liave  recourse  to 
the  hypothesis  of  an  ether,  for  the  explanation  of  any  pheno- 
menon presented  by  tiie  sun,  moon,  or  planets.  This  is  not  the 
with  cornels,  whose  irregularities  are  far  greater  than  those 
of  the  other  bodies  composing  the  system ;  and  an  attempt  has 
been  made  by  M.  Encke,  the  astronomer  above  mentioned,  to 
account  for  an  apparent  diminution,  in  each  revolution,  of  iho 
periodical  time  and  eccentricity  of  the  comet  which  goes  by  hi« 
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name,  by  the  old  hypothesis  of  an  ether  diffused  through  space'. 
As  it  might  be  urged  ihat  no  such  ether  aflccU  the  motions  of 
the  planets,  ihe  writer  of  the  article,  M.  Mossolti,  observes  that, 
on  account  of  the  very  eccentric  figures  of  the  orbits ;  the  per- 
petual changes  in  the  forms  and  velocities,  and  the  smallness  of 
the  masses  of  tlie  comeU ;  the  resistance  of  an  ether  may  be- 
come capable  of  disturbing  the  movements  of  those  bodies, 
though  its  effects  are  insensible  in  Uie  movements  of  the  planets. 
Bui  it  is  evident  that  the  comelary  theory  must  be  much  further 
eultivaled,  and  obsenations  greatly  multiplied,  before  it  will  be 
possible  to  decide  on  the  validity  of  an  hypothesis  which  ought 
not  lo  be  received  till  every  process  founded  on  the  tlieory  of 
gravitation  has  failed  to  elicit  the  object  of  inquiry. 

Besides  the  efforts  which  have  hitherto  been  made,  and  those 
which  must,  yet,  long  continue  to  be  made,  in  order  lo  render 
perfect  our  knowledge  of  the  system  of  planets  and  comets  be- 
longing to  the  sun,  a  most  extensive  field  of  rescurch,  in  the  re- 
^ons  of  the  stars  called  fixed,  inntes  tlie  diligence  and  promises 
to  reward  the  labours  of  fiiture  astronomers.  In  addition  to  the 
fixation  of  the  places  actually  occupied  by  the  stars,  and  the  de- 
termination of  the  changes  to  which  tlrase  places  appear  subjeclj 
from  the  catises  above  ex|)lained,  the  cultivators  of  the  science 
have  now  to  attend  to  tlic  appearances  presented  by  the  stars  them. 
selves,  and  lo  ihe  variations  of  position  which  have  been  observed, 
and  cannot  be  accounted  for  by  any  of  those  causes  ;  and  which, 
therefore,  are  considered  as  resulting  from  motions  peculiar  to 
the  stars  themselves :  observations  continued  during  many  years 
will,  it  may  reasonably  be  expected,  at  length  afford  the  means 
of  discovering  some  general  law  under  wliich  all  those  variations 
may  be  reduced,  and  of  establishing  the  universality  of  that  law 
of  gravitation  which  has  hitherto  been  verified  only  within  the 
limits  of  the  planetary  system. 

We  have  had  occasion  to  mention  the  sudden  appeafance  of 
some  stars  and  the  disappeaiance  of  others;  and  it  may  now  be 
stated  that  certain  stars  i^cem,  alternately,  lo  increase  and  dimi- 
nish in  brightness,  and  even  to  become  visible,  and  invisible,  at 
tbeends  of  certain  intervals  of  time.  Hipporehus  is  the  first 
•  Mammn  of  ihB  AitronnmioUSodrty  of  London,  Vol.  11.  Pnn  I.  Art.  S. 
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astronomer  who  is  known  to  have  witnessed  the  ipp^araDce 
what  is  called  a  new  star ;  but,  Ironi  his  time,  tiJI  the  latter  end 
of  the  sixteenth  century,  very  few  such  phenomena  are  on  re- 
cord, and  of  these  no  particulars  are  related,  if  we  except  that  a 
star  as  bright  as  Venus  is  said  to  have  been  seen,  in  Aquila,  in 
the  year  399,  of  our  era.  In  1572,  Tycho  Brahe  discovered  ibal 
remarkable  star  in  Cassiopeia,  whose  subsequent  disappearance 
excited  so  much  attention  among  the  learned  and  the  ignorant ; 
and,  in  1596,  Fabricius  discovered  one  in  the  constellatioQ  Cetiis 
which,  also  after  some  time,  became  invisible :  this,  however, 
was  again  observed  in  1638,  and  it  was,  afterward,  found  to  be 
one  of  those  wbich  appear  and  disappear  alternately,  and  to  un- 
dergo periodical  variations  of  Ugbt ;  but  the  intervals  in  wbich 
the  changes  seem  to  take  place  are  variable,  and  Hevelius  ob- 
serves that,  in  his  time,  it  had  been  for  four  years  invisible.  Bul- 
lialdus  and  Descartes  account  for  these  phenomena,  and  their 
explanation  appears  sufficiently  probable,  by  supposing  that  the 
fixed  stars,  like  our  sun,  may  revolve  on  their  axes  and  have  on 
Bome  parts  of  tlieir  surfaces  many  dark  spots ;  these,  being  occa- 
uonally  turned  towards  the  earth  by  the  revolution,  cause  ilie 
atars  on  wbich  they  are,  to  be  apparently  less  bright,  or  to  dis- 
appear entirely,  from  the  deficiency  of  light ;  and  when  the  side 
wbich  has  few  or  no  spots  comes,  afterward,  to  the  same 
tion,  the  star  is  again  rendered  visible. 

We  have  said  that  the  eUbrts  to  determine  the  parallaxes 
the  fixed  stars  have  not  been  successful,  though,  for  this  pur- 
pose, the  whole  diameter  of  the  earth's  orbit  has  been  taken  as 
a  base,  frx>m  the  extremities  of  which  tlie  apparent  places  oftbo 
brightest  and  therefore,  probably,  the  nearest  stars,  have  becu  ob- 
sen'ed:  the  results  of  tlie  most  careliil  observations  having  shewn 
that  if  such  parallax  exists  it  must  be  less  than  tlie  errors  to 
wbich  tlie  instruments  are  subject,  and  inseparable  from  them. 
It  ought,  however,  to  be  observed,  lliat  two  celebrated  mKlhc- 
maticiaiis,  M.  Bessel  and  the  Bishop  of  Cloyne,  have  confidently 
asserlcd,  from  their  own  observations,  tbe  reality  of  an  annual 
parallax ;  but  it  is  remarkable  tliat  the  observations  ma<Ie  by  Mr. 
Pond,  Uie  Astronomer  Royal,  with  the  accurate  instrumenla  be- 
longing to  the  Greenwich  Observatory,  seem  to  prove  the  con- 
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trary:  we  can  therefore,  at  present,  only  conclude  that  the  dis- 
tance of  the  nearest  fixed  stars  fruin  our  sy§tem  is  immeasuTably 
great 

These  stars  are  of  all  varieties  of  colours,  and  the  telescope 
shews  that  an  immense  number  of  those  which  appear  single  to 
the  naked  eye,  are  really  double  or  multiple,  cousisting  of  two 
or  more,  seemingly  close  together  and,  generally,  of  unequal  mag- 
nitudes ;  but  the  most  remarkable  circumstance  conuccted  with 
the  phenomena  of  double  stars  is  tliat  one  of  tliem  appears  to  have 
a  movement  about  the  other  as  a  planet  moves  about  llie  sun. 
We  have,  thus,  a  gbmpse  of  various  systems  of  bodies  subject 
to  the  principle  of  gravitation  but  very  differently  from  that  to 
which  we  belong:  instead  of  a  number  of  planets  and  comets 
revolving  about  one  sun,  we  perceive  smis  revolving  about  suns 
each,  perhaps,  attended  by  his  proper  system  of  planets ;  or  it 
may  be  that,  in  some  cases,  within  the  orbits  of  all  the  planeta 
composing  a  system  are  included  two  or  more  suns ;  and  any  of 
these  arrangements  will  e\-idenily  giie  rise  to  a  ihcorj-  of  move- 
ment far  more  complex  than  that  which  is  re<}iiired  to  explain 
the  phenomena  of  the  bodies  composing  our  solar  system.  The 
astronomical  world  is  indebted  to  Sir  James  Soutli  for  a  series 
of  accurate  obsenations,  lately  made,  to  determine  the  periodical 
times  in  which  the  revolutions  of  many  of  these  double  and 
multiple  stars  are  performed. 

Besides  the  objects  which  present  themselves  to  the  eye  of  ' 
the  observer  as  luminous  points,  iimuinerable  small  cloudy 
spots  are,  by  tlte  aid  of  the  telescojte,  seen  in  the  heavens ;  and 
Sir  William  Herschell,  who  particularly  directed  his  attention  to 
these  nebulosities,  has  determined  the  position  of  above  two 
thousand  of  tbcm,  which  he  haa  divided  into  various  classes 
according  to  their  particular  appearances.  In  almost  every 
instance  he  has  found  them  to  consist  of  very  small  stars  col- 
lected in  masses  which  assume  a  spherical  figure,  and  appear 
most  condensed  towards  the  centre ;  and,  from  these  circum- 
stances, he  concludes  that  they  have  been  formed  by  the  action 
of  a  central  force  which  has  drawn  the  component  stars  toge- 
ther in  groups  at  immense  distances  from  each  other  and  from 
the  part  of  the  universe  occupied   by  our  planelarr  system. 
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TC  HIT  ^ouwtmsE.  le  jMinetL  mini  » :tie  axc«c  rrr:c«Ue  '.  And 
•^aoB-  mmmn.  *— m?  ii  ~i«  KraesnoiM  ov  me  Tcmgi ijtjjn.  of  3fr. 
PmiL  :ai^  jiP^inr  AsaniiiiiiKr  BijwiL  i£uk  Qi*  steco^  of  Odoa 
[V  riHn.B'igmr  ^xs^  TniiP3Hgii&>  sm  litsKvins  infierralt 
-jBBL  'XBHK  In  iiK!^  icuHm>iL  secvi^ea  ^^elf  jad  tbe 
Eoc^'  Tjt*  asBi  iUL^iimMfiiig  t^  bexreos.  and 
wonra:  -v^  fjinrTniF  TQt>  lEkr  W^jx.  sf  mosq  ct?as»iered  br  Sir 
^r  Stzicaial  !»  &  iimdnwS'  rhssoec  'it  fCK*» :  vidda  is  he  placfs 
mr  nzL  -vxo.  as^  HTHTwhyir.  gionifc^  sni  3i*  ucz^nfs  hs  pjitkokr 
jgwKSiirs  u  :3is  ^Tssmt  'v?  icrriro^.  v^ncft  be  aapyiwe?  to  be 
iz3>  Dcoc^.  JOit  u  :k  «smiilzse«)c^  *7t  iBt  bvcttckb  coBpared 
3B  -rync  is  oe  *nix€tj2iL  cf  t»  pioie  of  the  Tisiblr 
!£.  i»  T3k3?  ^  iciiai2ECK  *?*.ftsi3ii  lo  KcScrr,  tbis  o|ii- 
v^^  iiidiiitL  X  31'  •pnienc  cbii  tbe  miiiiiiiwIl  of  oar 
BiZ  «cu3h2i£  4>«%&f!ZL  3X13SC  hcaz  JB  tBBism&aat  piiytioo  to 
vim  :c  :a*  -v^itie  cbis^eci  soi  miaiuW  less  lo  the  extent  of 
CBe  i*xr«^-«c^ .  stre  a  sc«KttK?r  rfaccd  is  aaj  one  of  the  mtiiadt 
of  jcm  c:ap»3£  t&e  csaer.  aod  fc»?4i]i^  townds  this  port  of 
fpK«.  «v<iji  ^tftznir  k!«e  «]ii  of  dbi»  ■iiiiiiiL  earth ;  eren  tbr 
orbit  <<  the  G«*?qEniB  Stdas  vo«ld  tcjitdi  sabtgtid  a  sensible 
S3^.  Di  ^yir  bnlEaat  sm  wtmld  be  rpdnced  to  a  point  of  fight 
onij  &tz3zt3$cabMe  b^  the  Bost  poveiiol  teleseopesL 

CoDOETnin^  the  dispcHatii^n  of  the  fixed  stars  there  was  pio> 
posed  bj  Kepkr.  and  described  br  Dr.  HaDej  in  the  Fbiloio- 
pbica!  Transartioiks  for  17M,  an  ingemoos  brpotbesb  fconded 
on  the  idea  that  these  stars  are  smts,  or  the  centres  of  fcrstcais, 
b^  in  eqnibbrio  bj  their  matnal  attractioos»  and  that  the  start 
of  the  first  magnitade  are  those  nearest  to  the  earth.      Now  the 
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number  of  points  which  can  be  placed  oii  oiie  spherical  surlitce, 
al  a  distance  from  each  other  equal  to  tlie  radius  of  the  sphere, 
is  thirteen ;  it  follows,  therefore,  that  if  the  stars  of  the  first 
raagnitude  are  so  placed,  our  sun  being  at  the  centre  of  the 
spherical  surface,  the  equilibrium  will  subsist  and,  in  this  casat 
there  should  appear  only  thirteen  such  stars.  Then  suppodng 
the  stars  of  the  second  magnitude  to  be  on  tlie  surface  of  a 
sphere  haring  twice  die  radius  of  the  first  sphere,  such  surface 
would  contain  fij\y-two  points  at  distances  from  each  other 
equal  to  the  distance  of  the  surface  of  this  sphere  from  thai  of 
the  first ;  and  hence  it  is  coucludcd  that  there  should  appear 
but  52  stars  of  the  second  magnitude ;  for  a  lilfe  reason  there 
should  be  but  1 17,  of  the  third,  and  so  on,  to  those  of  the  least 
viable  magnitude:  and  though  it  in  not  probable  that  the  stars 
are  disposed  exactly  on  the  surfaces  of  such  spheres,  yet  there 
is  nothing  to  disprove  the  opinion  that  the  stars  which  appear 
to  us  of  different  magnitudes  arc  situaled  nearly  at  the  distances 
from  us  which  the  hypothesis  assigns.  The  stars  of  tlie  first 
two  magnitudes  are,  very  nearly,  equal  in  number  to  tliose  sup- 
posed by  Dr.  Halley,  but  we  are  scarcely  able  to  form  a  correct 
opinion  of  the  number  which  should  bo  classed  under  the  re- 
spective magnitudes  beyond  the  first  and  second. 

The  proper  motions  first  suspected  by  Dr.  Halley  from  a 
comparison  of  the  latitudes  of  certain  stars,  obser^-ed  by  himself, 
with  the  latitudes  determined  by  Ptolemy  and  Tycho  Brahe, 
have  been  already  verified  in  many  of  the  principal  stars  ;  and 
we  have  mentioned  the  assertion  of  Sir  William  Ilerschell  that 
some  of  these  motions  seemed  to  indicate  a  mm  ement  of  the 
whole  solar  system  in  space :  but,  whether  this  movement  is 
progressive  or  performed  in  a  clrcidar  manner  about  some  un- 
known centre  of  attraction,  the  observations  are  not  yet  Biif* 
ficiently  sure  to  allow  an  ojiinion  to  be  formed ;  and  it  must 
also  be  remarked  that  many  of  the  observed  changes  of  place 
in  the  starK  are  quite  inconsistent  with  eitlier  hypothesis :  the 
complete  determination  of  this  question  must,  tlterefore,  be  led 
to  the  astronomers  of  a  fiiture  ^e. 

The  ancient  catalogues  of  stars  1}ciiig  extremely  deficient  in 
accuracy,  1-lamstead,  between  160R  and  171S.  by  meauf.  of  the 
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CHAPTER   XXIV. 

THS   TRANSCENDENTAL  ANALYSIS   EHPLOVED    IN    PHYSICAL 
ASTRONOMY. 

Al  what  timo  the  planetary  theory  wax  first  investigated  anal 5^1  cally.— 
Cause  of  tbe  revolution  of  a  smaller  body  about  a  grwHer.^The  problem  of 
Thrte  Bodiet  applied  by  Clainut  and  others  to  the  investigation  of  the 
lunar  inequalities.— The  cause  of  the  moon's  acceleration  explained  by 
I.B  Place. — The  inequalities  of  the  mean  motioni  of  Jupiter  and  Saturn 
wore  investigated  by  Enler  and  others.— The  figure  of  die  oarlh  and  the 

omstancy  of  its  time  of  rotation  determined  by  La  Place The  vsriatiuna 

of  the  pretessiOD,  the  obliquity  of  the  ecliptic*  and  the  length  of  the  yew, 
■hewn.—The  figure  of  the  rooon  determined  by  La  Orange. — The  perma- 
nency of  tbe  pUneury  lystam. 

The  geometrical  analysis  which  Newton,  following  the  ex- 
ample of  the  ancient  mathematicians,  had  adopted  in  his  inves- 
tigations being  almost  immediately  atler  bis  death  abandoned, 
the  Huxionary,  or  differential  calculus,  which  had  been  discovered 
by  that  great  philosopher  and,  perhaps  independently  of  him, 
by  the  celebrated  Leibnitz,  was  zealously  cultivated  both 
ia  this  country  and  on  the  continent ;  and,  having  been 
brought  to  a  highly -improved  state,  it  was  applied  lo  the  so- 
lution of  problems  relating  to  the  phenomena  of  the  heavens. 
More  tlian  half  a  century,  however,  had  elapsed  since  the  pub- 
Ucation  of  the  Pnncipia  without  any  attempt  being  made  to 
repeat  or  extend  the  researches  commenced  by  its  illustrious 
author ;  but,  about  the  middle  of  tbe  eighteenth  century,  a  num- 
ber of  learned  men,  as  if  by  a  common  impulse^  embracing  the 
law  of  gravitation  proposed  by  Newton,  applied  tbenisclves  to 
the  task  of  fonuing  on  it,  as  a  basis,  by  tlie  new  analysis  alone, 
a  complete  theory  of  the  planetary  movements :  among  these 
were  Clwraiit,  Euler,  and  D'Alembert,  who,  in  1747,  apparently 
without  any  knowledge  of  each  other's  intentions,  investigated 
tbe  curve  wliich  would  be  described  by  a  body  when  urgc^  by 
an  impulsive  force  in  a  given  direction,  attracted  by  a  second 
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bodj  with  a  force  varying,  inversely,  as  ihe  square  of  the  i 
tancc,  and  having  ils  path  disturbed  by  the  attraction  of  n  thivq 
body  acting  on  both  at  a  finite  distance  from  either. 

In  the  Newtonian  hypothesis,  all  the  bodies  of  the  solar  syi 
tern  are  supposed  to  attract  each  other,  mutually,  according  l| 
the  same  law,  and  the  first  step  in  the  enquiry  concerning  ti 
consequences  of  the  principle,  appears  to  hare  been  that  I 
iletenniuing  for  what  reason  any  one  or  more  should  revo] 
about  anoUicr,  and  why  this  last  should  not  revolve  about  e 
of  the  olliers ;  why,  for  example,  the  moon  should  revolve  ab< 
the  earth  rather  than  the  earth  about  the  moon,  or  why  both  i 
these  should  revolve  about  the  sun  rather  than  tlie  suu  ab( 
them ;  and  in  answer  to  this  question,  it   was  rightly  allej 
that,  since  the  attractive  principle  resides  in  every  particle  4 
matter,  the  greater  bodies  must  necessarily  exert  the  grc«l 
influence,  and  cause  a  greater  movement  than  can  he  cumn 
nicated   by   those   wliich   are  smaller.     Wlien,   howei 
bodies  of  unequal   magnitude,  as  the  earth  and  moon,  attii 
each  other,  the  common  ceuUe  of  gravity  of  both  is  at  a  d 
tance  from  either,  inversely  proportional  to  llie  magnitudes,  i 
the  attraction  of  each  causes  the  other  to  revolve  about  this 
centre  of  gravity  ;  so  that  the  moon,  which  is  the  smaller  body, 
being  at  tlie  greatest  distance  from  the  centre  of  motion,  de- 
Kribes  an  orbit  which  necessarily  includes  that  described  by  the 
earth  about  the  same  point.     The  sun,  also,  being  vastly  greater 
than  all  tlie  circumvolving  planets  is,  for  a  like  reason,  able  to 
make  but  a  very  small  movement  about  the  common  centre  of 
the  system,  when  compared  with  that  motion  which  is  per- 
formed by  any  one  of  the  planets. 

The  investigations  of  Newton  had  clearly  shewn  it  to  I 
necessary  result  of  his  law  of  gravitation,  that  the  orbit  of  « 
body  revolving  about  a  centre  of  attraction  should  be  a 
matical  ellipse,  the  attraction  of  the  otiier  bodies  of  the  syit 
being  excluded  r  now,  delicate  observations  had  shewn  that  ll 
is  neitlier  llie  figure  of  the  limar  orbit  nor  of  the  orbit  described 
by  any  planet,  or  by  the  common  centre  of  gravity  of  a  planet 
and  his  satellites ;  but  it  was  reasonable  tu  suppose  that,  if  £ 
planetary  bodies  reciprocally  gravitate  towards  each  other  | 
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the  same  law  of  attraction,  such  law  would  sufiice  to  explain 
the  deviations  of  the  orbits  from  the  elliptical  figure ;  conse- 
quently, it  would  be  possible,  in  given  circumstances,  to  com- 
pute, from  it,  the  amount  of  the  deviation  and  of  the  inequalities 
produced  in  the  motion  of  a  planet ;  and  this  is  what  has  been,  at 
length,  satisfactorily  proved  by  the  mathematicians  of  the  last 
and  present  ages.  If,  however,  the  investigation  of  the  figure 
of  an  undisturbed  orbit ;  or,  in  other  words,  if  a  theory  of  two 
bodies,  was  thought  to  be  difficult,  much  more  so  must  have 
appeared  tliat  which  relates  to  tlie  attractions  of  tlirce,  or  a 
greater  number  of  bodies.  In  fact,  tlie  problem  of  Three  Bodies, 
as  it  was  called,  presents,  if  considered  in  all  its  generality, 
difficulties  which  all  the  powers  of  the  modem  analysis  are  not 
able  to  overcome  ;  but  these  have  been  considerably  diminished 
by  supposing  one  of  tlic  attracting  bodies  to  he  very  superior  in 
mass  to  either  of  the  others,  as  is  the  case  with  the  sun  and 
planets ;  or  very  remote,  compared  with  the  distance  between 
tbe  others,  aa  is  the  case  with  tlie  sun  when  disturbing  the 
moon. 

The  variations,  caused  by  the  attiactiou  of  the  sun,  in  the 
movements  of  the  moon  and  jn  the  figure  of  her  orbit,  are  far 
greater  than  those  in  the  movement  and  orbit  of  the  earth  or  of 
any  one  planet  by  the  attractions  of  the  others,  and,  on  that 
account,  the  correct  determination  of  them  from  the  assumed 
law  of  gravitation  is,  evidently,  the  best  test  of  the  truth  of  the 
law;  accordingly,  tlie  theory  of  tlic  moon  was  almusl  the  first 
object  to 'which  tlie  continental  mathematicians  applied  the 
powers  of  the  difi'erenlial  analysis.  Agreeably  to  the  method  of 
Newton,  which  has  been  already  explained,  and  indeed  it  was 
not  possible  that  any  other  should  be  pursued,  the  disturbing 
force,  both  in  the  lunar  and  planetary  theories,  was  conceived 
to  be  decompo.scd  into  two  forces,  one  acting  in  the  direction 
of  a  tangent  to  the  path  or  orbit  of  a  disturbed  body,  and  the 
other  in  the  direction  of  its  radius  vector :  but,  from  this  point, 
the  courses  of  the  investigations  conducted  by  Newton,  and  by 
the  foreign  disciples  of  his  school,  diverged  from  each  other,  to 
meet  only  at  the  conclusion  of  the  enquiry. 

In  1747,  both  Clairaut  and  D'Alembcrt.  when  treating  in  a 


I 


L 


BAl^l 


506  THB   TRANSCENDENTiX   ANALi'SIR  [Cl 

general  way  the  movement  of  a  body  attracted  by  two  othere, 
detcnnined,  on  the  same  principles,  those  diifcreiit  inequalities 
of  the  moon'B  motion  in  longitude  which  had,  previously,  been 
dielinctly  ascertained  from  obsenation  and  explained,  though 
briefly,  by  Newton,  in  the  Principia ;  and  their  researches  were 
next  directed  to  the  determination  of  the  progressire  movement 
which  was  known  to  take  place  in  the  lunar  apogeum.  The 
cause  of  this  phenomenon  had,  indeed,  been  contemplated  by 
Newton,  but  he  had  rather  shewn  tliat  the  movement  was  ex- 
plicable by  some  particular  law  of  gravitation  than  by  thai 
which  is  assumed  as  the  basis  of  the  elliptical  theorj- ;  it  was  of 
importance,  therefore,  that,  aEsuming  the  Newtonian  law  to  he 
that  of  nature,  the  value  of  the  progression  should  be  detenuined 
theorelicaUy,  in  order  that,  by  its  agreement  with  the  results  uf 
observation,  should  such  agreement  be  foiuid  to  exist,  the  tnith 
of  that  law  might  be  established.  The  process  employed  by  the 
above  mentioned  mathematicians  is  one  consisting  of  approxinu- 
tious  successively  made;  and  it  hap)iened  (which 
remarkable  since  both  arrived,  independently  of  each  other,  I 
the  same  conclusion  and  at  that  obtained  by  Newton  liimself)  thnt'* 
the  result  was,  a  value  of  tlie  progression  equal  to  about  haU^ 
only,  of  its  obsen-ed  value :  not  being  aware  of  the  defwct*  la 
the  processes  they  employed,  and  not  being  able  to  detect  S 
error  on  revising  the  steps  through  which  Uie  enquiries  ] 
ceeded ;  it  was  immediately  suspected  that  so  great  a  difier 
between  theory  and  observation,  in  a  jKiint  imnie<liately  de- 
pendent on  the  former,  could  only  arise  fmiii  an  erroneous 
assumption  of  the  law  of  gravitation,  which,  it  was  then  ( 
posed,  niiglil  not  be  so  simple  as  that  proposed  by  New 
and  Clairaut  suggested  that  it  might  bo  inversely  proportioi 
partly  to  the  square  and,  portly,  to  Ihe  fourth  power  of  \ 
distances  of  the  attracting  bodies.  This  learned  anaJysti  h 
ever,  in  1749,  found,  by  continuing  the  approximative  pre 
employing  terms  which  had  been  before  neglected  firom  that 
supposed  insignificance;  but  which,  by  integralion,  acquired 
small  divisors  and,  consequently,  became  consiilerable  in  value, 
tliat  the  next  step  produced  a  correction  nearly  as  great  as  that 
which  had  been  previously  obtained.     The  correction  ihuH  for- 
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tunately  discovered  by  Clairaut,  and  which  was  immediately 
adopted  bv  D'Alembert,  being  applied  to  the  former  result, 
reodered  the  computed  amount  of  the  progression,  consequently, 
Tery  nearly  equal  to  the  true  value  of  tliat  element. 

We  have  said  that  tlie  value  of  the  progression  of  the  lunar 
apogeum  might  have  been  found  by  supposing  the  law  of  the 
earth's  attraction  to  be  different  from  that  assumed  by  Newton ; 
and,  therefore,  the  determin action  of  that  progression  by  the 
modification  which  the  sun's  perturbating  force  produces  in  tlio 
general  law  of  gravitation  is  not  to  be  considered  as,  alone, 
proving  the  truth  of  tliis  law,  though  it  affords  one  of  the  most 
important  arguments  in  its  favour ;  but,  taken  in  connection 
with  the  many  other  instances  in  which  the  results  of  tlieory 
accord  witli  observations,  where  such  accordance  would  not 
exist  under  any  other  law  of  attraction,  it  produces  an  irresistible 
conviction  that  Newton's  law  is  that  of  nature. 

Mayer,  in  his  Tfieoria  Lunte,  and  Thomas  Simpson  in  his 
Tracts,  which  were  published  in  1754,  also  investigated  by  the 
theory  of  gravitation  the  elements  of  the  lunar  orbit,  and  suc- 
ceeded in  obtaining  correct  values  of  its  inclination  to  the 
ecliptic,  and  the  motions  of  tlie  nodes  and  apogeum:  and, 
besides  tlie  equations  of  the  moon's  movement  in  her  orbit, 
which  had  been  before  distinguished,  they  deduced  analytical 
formulae  exhibiting  several  others  arising  from  the  various  per- 
turbations to  which  that  luminary  is  subject ;  the  former  astrono- 
mer fotmded  also,  on  those  deductions,  the  correct  tables  of  the 
lunar  motions  which  we  liave  already  liad  occasion  to  mention. 

Dr.  Halley  had  discovered,  by  comparing  the  places  of  the* 
mooD,  deduced  from  the  observations  of  the  Chaldeans,  of  Hip- 
parchus  and  of  Ptolemy,  with  those  obtained  from  the  modem 
astronomy,  tliat  the  moon's  mean  motion  was  constantly  acce- 
lerated at  the  rate  of  about  one  degree  in  two  thousand  years  ; 
and,  in  his  time,  it  was  generally  bolievcd  that  this  acceleration, 
and  the  corresponding  diminution  of  the  moon's  mean  distance 
from  the  earth,  would  continue  till  the  fonner  body  should  come 
in  contact  with  the  latter ;  when,  it  was  conceived,  the  race  of 
man,  and  bis  works,  would  be  destroyed  and  the  earth  would 
revolve  about  the  sun  without  a  satellite.     As  this  diminution 
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of  the  moon's  motion  appeared,  at  first,  incapable  of  being  ex- 
plained bj  solar  or  planetanr  perturbation,  other  causes  of  the 
phenomenon  were  to  be  sought  for:  M.  Bossut  suggested  that  it 
might  be  owing  to  the  resistance  of  a  medium  difiused  through 
the  cdestial  spaces ;  and  La  Place,  at  one  time,  imagined  that  it 
mig^t  be  a  consequence  of  the  time  spent  in  the  transmission 
of  the  power  of  gravitj  from  one  bodr  to  another :  but  this  great 
astronomer  haiing  proved  that  these  causes  are  not  sufficient 
to  account  for  the  effect ;  and  having  discovered  that  the  mean 
motions  of  the   sateDites    of  Jupiter    are  subject  to   secular 
variations  dependent  upon  the  eccentricity  of  the  orbit  of  that 
planet ;  immediately  conceived  that  the  variable  eccentricity  of 
the  earth's  orbit  might,  in  like  manner  be  the  cause  of  the  ap- 
parent  acceleration  of  the  moon's  motion.    The  processes  he 
had  employed  in  the  theory  of  Jupiter's  sateDites  were,  therefore, 
applied  to  that  of  the  moon,  and,  from  the  assigned  cause,  which 
is  itself  produced  by  the  combined  attractions  of  the  sun  and 
planets  on  the  moon,  he  discovered  that  there  resulted  a  secular 
inequality  not  only  of  the  moon's  motion,  but  also,  of  the  motion 
of  the  nodes  and  perigeum  of  her  orbit ;  by  which  the  first  is, 
at  present,  augmented,  and  the  other  two  diminished.     The 
values  of  these  inequalities,  determined  by  theory,  were  found 
to  correspond  with  those  deduced  fit>m  the  observations  of  the 
ancient  eclipses  recorded  by  Hipparchus  and  Ptolemy ;  and  La 
Place  remarks  that,  firom  them,  the  ages  in  which  those  astro- 
nomers lived  might  be  determined  within  a  century  or  two; 
finom  them  also,  the  Hindu  Tables,  which  Bailly  supposed  to 
have  been  formed  three  thousand  years  before  Christ,  might,  he 
ob8er\es,  be    proved   to  be  less  ancient  than   the  tables  of 
Ptolemy".     The  periods  in  which  these  inequalities  compensate 
themselves  are  immense,  but  the  opinion  that  the  moon  will  at 
any  time  come  in  contact  with  the  earth  must  now  be  abandoned ; 
since,  by  a  change  in  the  configurations  of  the  disturbing  bodies, 
effects  directly  the  contrary  of  those  which  are  now  observed 
will,  in  time,  take  place ;  those  effects  will  continue  till  a  new 
change  again  reverses  the  order  of  the  movements ;  and  there  is 
no  reason  to  believe  that  this  oscillation  will  ever  terminate. 

*  M^caniqiM  CdetU,  Tom.  V.  page  360. 
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The  planets  Jupiter  and  Satuni  being  much  supeiior  in  mag- 
nitude to  any  of  the  others,  it  is  evident  that  the  action  of  the 
sun  upon  them,  and  their  reciprocal  actions  on  tlie  sun  and  on 
each  other,  may  be  considered  as  nearly  independent  of  the  at- 
tractions exercised  by  the  other  bodies  of  the  solar  system. 
These  three  bodies,  therefore,  constituting,  in  themselves,  almost 
a  complete  system,  it  was  natural  lo  apply  to  them  processes 
similar  to  those  which  had  for  their  object  Uie  mutual  actions  of 
the  earth,  sun  and  moon,  considering  either  Jupiter  or  Salum 
as  a  body  revolving  about  the  sun  in  an  elliptical  orbit,  and 
disturbed  by  the  attraction  of  the  other  planet :  the  conditions 
in  the  two  theories  seemed,  at  first  sight,  nearly  the  same ;  and 
it  might  have  been  supposed  that  the  results  would  be  of  a  like 
kind.  A  difference,  however,  does  exist  between  the  theories ; 
for,  in  that  of  the  moon,  the  sim's  distance  is  always  much 
greater  than  that  of  the  earth ;  whereas  the  distance  between 
Jupiter  and  Saturn,  when  both  are  in  conjunction  with  the  sun, 
is  nearly  equal  to  that  of  the  sun  from  Jupiter :  hence  it  follows 
that  the  perturbations  which  these  planets  produce  in  each 
other's  motions  are,  in  some  circumstances,  of  a  naltire  opposite 
to  those  produced  by  the  aun  on  the  motion  of  the  moon  about 
the  earth. 

We  have  mentioned  that  Newton  did  not  investigate  the  per- 
turbations which  the  actions  of  the  planets  on  the  sun  and  on 
each  other  produce  in  the  elliptical  motions :  he  obser^'es,  how- 
ever, that  the  action  of  Jupiter  on  Saturn,  when  both  are  in  con- 
junction with  the  sun,  is  to  the  action  of  Uie  aun  on  Saturn  as 
1  to  211,  and  therefore  tlic  former  ought  not  to  be  neglected  i 
but  it  is  a  remarkable  fact,  as  is  observed  by  Euler  and  La 
]^ace,  tliat  the  derangement  of  Saturn,  when  the  two  planets 
are  so  situated,  is  almost  insensible,  and  the  corresponding  de- 
rangement of  Jupiter  is  about  six  times  as  great,  though  the 
action  of  Jupiter  on  Saturn  is  to  the  gravity  of  Jupiter  towards 
the  sun  in  the  ratio  of  1  to  500  only. 

Both  ancient  and  modem  observations  had  indicated  great 
irregularities  in  the  motions  of  those  two  planets.  Dr.  Halley, 
from  a  comparison  of  the  more  ancient  observations  bad  per- 
ceived a  diminution  in  the  mean  motion  of  Saturn,  and  an  accc- 
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Inatioii  in  tliat  of  Jspitcr:  M.  Lan^Kit  had  obuined  a  ccmtrair 
Fesah  from  a  eompansoo  of  tbe  ohscrratioiis  ci  TTcho  Brahe 
with  thoce  made  in  tbe  ISih  ccntoiT ;  and,  lasth-.  La  Lande 
Ibond  that  the  returns  of  Saturn  to  the  Temal  equinox  took 
place  earlier,  and  those  to  the  antnmnal  equinox  later,  than  the 
times  assigned  hj  theorr.  though  the  positions  of  Ja|Hter  and 
Saturn  with  respect  to  each  other  and  to  their  aphelia  were 
nearlj  the  same.  From  these  circnmstances  it  was,  generaDj, 
conchided  that  some  foreign  caose  deranged  the  motions  of 
those  planets,  or  that  there  was  something  Tel  undiscovered  in 
the  principle  of  gravitation  its^ 

Now  Enler,  in  a  paiper  composed  in  1748,  for  the  prize  offered 
hj  the  Academy  of  Sciences  at  Paris,  investigated  the  theory  of 
planetary  pertorbation ;  and  this  Elssay  must  be  ccMosidered  as 
the  first  of  those  three  which  were,  nearly  at  the  same  time, 
written  by  Eoler,  D\\lembert  and  Clairant  on  the  subject ;  and 
which  are  considered  as  containing  the  solution  of  the  problem 
of  the  three  bodies.     The  essay  of  Euler  is  confined,  chiefly,  to 
the  enquiry  concerning  the  perturbaticm  of  the  motion  of  Saturn 
by  the  action  of  Jupiter ;  but,  in  it,  this  great  mathematician 
&cilitated,  in  a  most  important  manner,  the  analysis  of  these 
subjects  by  developing  the  pertnrbating  forces  and  the  mutual 
distances  of  the  pertnrbating  planets,  in  sines  and  cosimes  of  an- 
^s  augmenting  with  the  time;  certain  errors  in  his  calculations, 
however,  vitiated  his  results,  and,  when  the  longitudes  of  Saturn 
computed  from  the  formulae  were  compared  with  the  observed 
longitudes,  they  were  found  to  differ  considerably ;  the  errors 
not  being  discovered  on  a  revision  of  his  processes,  he  was  led 
to  suspect  that  the  Newtonian  law  of  gravitation  required  to  be 
modified :  a  suspicion  which  he  afterwards  shared  with  the  oth^ 
two  mathematicians  above  mentioned,  but  which  was  soon  per- 
ceived to  be  unfounded. 

It  was  in  considering  the  inequalities  of  Saturn  dependent  upon 
the  eccentricity  of  Jupiter's  orbit,  that  the  integration  of  his  diffe- 
rential equations  brought  out  an  inequality  of  longitude  which 
was  expressed  by  an  arc  of  a  circle  unaffected  by  sine  or  cosine^ 
and  having  a  coefficient  increasing  with  the  time ;  a  similar  term 
occurred  in  the  limar  theory ;  and,  since  trigonometrical  functions 
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of  arcs  dependent  on  the  lime  are  essential  to  the  expression 
of  periodical  inequalities,  it  follows  that  the  absence  of  such 
functions  in  a  tenn  must  indicate  the  existence  of  an  inequality 
which,  instead  of  being  periodical,  would  go  on  for  ever  increas- 
ing :  but,  by  employing  ])artit'nlar  artifices  in  the  analysis,  Euler 
and  D'Alembert  were  enabled  to  get  rid  of  the  simple  arc  ;  and 
the  perpetual  inequality  of  motion,  of  course,  vanished  with  it. 

Euler  gave,  in  1752,  a  second  memoir  concerning  the  planetary 
movements,  confining  his  researches,  however,  as  in  the  former, 
to  the  motions  of  Jupiter  and  Satiun ;  and  in  this  he  notices 
his  important  discovery,  that  the  eccentricities  and  positions  of 
the  aphelia  of  those  planets  vary  continually,  but  luiequally,  in 
different  ages,  and  that  they  restore  themselves  in  a  period  of 
30000  years.  He  wrote  a  third  memoir,  in  1756,  in  which  he  ar- 
rives at  the  eameresult  as  in  the  first, but  by  different  processes, and 
assigns  the  value  of  two  secular  equations  in  tlie  longitudes  of 
Jupiter  and  Saturn,  which,  by  errors  in  the  calculations,  he 
malces  equal  to  eacli  other,  and  both  additive  to  the  mean  lon- 
gitudes of  these  planets.  In  these  papers  the  merit  of  Euler,  in 
shewing  the  most  direct  path  by  which  the  results  of  the  theory 
of  gravitation  may  be  obtained,  and  in  overcoming  by  his  pro- 
found skill  in  analysis,  difficulties  which  wotdd  have  arrested 
the  generality  of  mathematicians,  is  eminently  conspicuous :  he 
has  here  exliibited  the  differential  foimulie  for  the  periodical  and 
secular  variations  of  the  planetary  motions ;  and  though  some 
of  these  are  erroneous,  it  was  comparatively  easy  for  his  succes- 
sors to  rectify  them  by  following  his  steps. 

To  the  works  of  Euler  concerning  the  mutual  perturbations 
of  the  planets  must  be  added  the  Recherche-t  «wr  le  ay«t4me  dii 
Monde,  pubUshed  by  D'Alembert  in  1754,  and  the  Memoirs,  by 
La  Grange,  in  the  third  volume  of  the  Mtlanffe*  de  Ui  Soci4t6 
Royale  de  Turin.  The  former  mathematician  apphed,  to  the 
movements  of  the  planets,  when  disturbed  by  their  mutual  at 
tractions,  the  formulie  by  which  be  had  determined  the  motions 
of  the  moon ;  but,  in  this  enquiry,  he  does  not  appear  to  have 
added  much  to  the  investigations  of  Euler.  La  Grange,  who 
seems  to  have  been  then  unacquainted  with  the  three  essays 
above  mentioned,  obtained  both  analytical  and  numerical  ex- 
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pressions  for  the  secular  TariatuMis  id  the  eccentricitj,  the  places 
of  the  s^helia  and  nodes,  and  the  inclinations  of  the  orbits  of 
Jupiter  and  Satom,  which  La  Place  admits  to  be  exact:  he 
found,  also,  the  two  secular  equations  in  their  longitudes ;  but, 
contrary  to  the  determination  of  Enler,  he  makes  them  unequal, 
and  one  of  them  additive  to  the  mean  longitude  of  Jupiter; 
while  the  other,  which  is  the  greatest,  is  subtractiTe  fiom  the 
mean  longitude  of  Saturn:  both,  however,  hare  been  since 
found  to  be  erroneous. 

The  enquiries  of  Euler  and  La  Grange  having  failed  in  throwing 
light  upon  the  cause  of  the  inequalities  in  the  mean  motions  of 
those  two  planets,  the  subject  was  taken  up  by  La  Place,  who 
was  induced  to  enquire  whether  those  inequalities  which,  to 
some  persons  had  appeared  to  indicate  a  perpetual  acceleratimi 
in  the  motion  of  one  planet  and  retardation  in  that  of  the  other, 
might  not  be  accounted  for  on  the  supposition,  that  the  power 
of  gravity  was  transmitted  through  space  in  a  definite  time ;  but 
a  contemplation  of  the  effects  which,  in  the  lunar  theory,  might 
be  supposed  to  have  arisen  from,  such  transmission  of  the  power 
of  gravity,  led  to  the  discovery  that  the  velocity  with  which  gra- 
vity must  be  propagated  through  space  must  be  fifty  miUion 
times  greater  than  that  of  Ught ;  and  his  conclusion  is  that  this 
cause  could  nofbe  productive  of  the  inequalities  in  question.  It 
was  reserved,  then,  for  this  illustrious  disciple  of  Newton,  to  de- 
duce firom  the  theory  of  gravitation  the  nature  and  values  of 
those  inequalities ;  to  shew,  in  fact,  that  they  are  periodical 
like  the  other  variations  in  the  elements  of  the  lunar  and  planet- 
ary theories,  but  that  they  are  compensated  at  the  end  of  long 
intervals  of  time:  and  he  thus  explains  them  in  the  fifteenth 
book  of  the  M^anique  Celeste, 

It  is  a  remarkable  result  of  the  reciprocal  attractions  of  the 
planets  that,  if  we  consider  only  the  secular  inequalities,  the 
sum  of  the  masses  of  the  planets  divided,  respectively,  by  the  ma« 
jor  axes  of  their  orbits,  considered  as  variable  ellipses,  is  very 
nearly  constant.  But,  in  the  expression  for  the  longitude,  those 
inequalities  acquire,  by  integration,  the  squares  of  the  small  co- 
efficients of  the  time,  for  divisors ;  which,  therefore,  may  render 
them  considerable :  firom  thence  it  follows  that  the  sum  of  the 
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products  of  the  secular  iueqiialilics  resiiIUng  tVom  Uic  aclione  of 
Jupiter  andStiliim,  niu!tip]ied,r(;.=peclively,bj' the  masses  of  tlioso 
planets,  is  null :  therefore  wheu,  in  consequence  of  these  inequal- 
ities, the  motion  of  Saturn  diminishes,  by  the  attraction  of  Ju- 
piter ;  that  of  Jupiter  must  be  accelerated  by  the  attraction  of 
Saturn  ;  and  the  diminiitioQ  must  be,  to  the  acceleration,  in  the 
ratio  of  the  product  of  the  masses  of  tliose  planets  multiplied  by 
the  square  roots  of  their  major  axes ;  which  is  neaily  conform- 
able to  the  delerminations  of  Hallcy.  On  the  otlier  hand,  when 
those  inequalities  accelerate  tlie  motion  of  Saticri,  Uiey  diminish 
that  of  Jupiter  in  the  same  proportion  ;  which  agrees  nearly  mth 
the  result  obtained  by  Laaibert.  From  these  circumstances,  and 
because  the  mean  motions  of  Jupiter  and  Saturn  arc  nearly  com- 
menainable.  La  Place  was  led  to  inler,  in  the  motion  of  each 
planet,  the  existence  of  an  inequality,  which  might  be  compen- 
sated ouly  at  the  end  of  a  long  period.  In  fact,  as  he  observes, 
five  limes  tlic  mean  motion  of  Saturn  is  nearly  equal  to  twice 
that  of  Jupiter;  and  he  concluded,  tliat  the  terms  whoso  argu- 
ments were  expressed  by  the  difference  of  these  mean  motions 
might  become  semiiblc,  by  integration,  though  they  should  be 
multiplied  by  such  quantities  as  the  cubes  of  the  eccentricities 
and  of  the  incUuations  of  the  orbits :  retaining,  therefore,  such 
terms  in  the  investigation,  the  result  justified  his  conjecture,  and 
he  found  iJiat  there  existed  in  the  motion  of  Saturn  an  inequality 
whose  period  is  i)'2!)  years,  and  in  the  motion  of  Jupiter  a  cone- 
apondiiig  inequality  which  is  affected  with  a  contrary  sign,  and 
whose  period  is  nearly  the  same ;  the  difference  between  the  two 
scarcely  amounting  to  one  degree  in  one  thousand  years.  The 
nearly  commensurable  proportion  between  tlie  mean  inoTements 
of  these  planets  is,  he  observes,  the  cause  of  several  oilier  ine- 
quahties;  of  which  the  most  considerable  is  one  affecting  tlie 
motion  of  Saturn,  and  it  is  this  which,  in  the  last  century,  rea- 
dered  llic  returns  of  Saturn  to  the  equinoctial  points,  ajiparently, 
irregular ;  as  La  Lando  had  remarked.  Thus,  adds  he,  je  Hx 
toute«  lei  observations  ancieimes  el  modcnws  rcprSaetilfeii  par 
ma  throne,  avec  la  yricixintt  qu'elles  comportent.  Elles  lem- 
blaient  au/mranint,  itiexplicahlesjMir  la  loi  tie  la  iicmnlfur  urn- 
vertelle;   elles  en  sont  mainienanl  una  dea  preuvea  lea  plut 
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frappantes.  Tel  a  616  le  sort  de  cetle  briUante  d^courerte, 
chaqtte  diffictilU  qui  s'est  ftevie,  est  devenue  potir  elle,  un 
veau  sttjel  de  trlomphe  ;  ce  qtt^st  le  plus  s&r  caract^re  du  itai 
si/sl^me  de  la  nature '.  La  Grange  had  discovered  ihat  tlie  mutual 
perturbations  of  Jupiter  and  Saturn,  by  making  their  nodes  re- 
trograde on  each  other's  orbits,  cause  the  intersections  of  botli 
orbits  with  tlie  ecliptic  to  advance  and  retrograde  alternately 
about  a  mean  point  ou  the  latter;  the  inclinations  of  the  orbits 
to  the  ecliptic  were,  also,  found  to  oscillate  within  certaui 
limits  about  a  mean  state ;  and  all  these  variations  appear  to  re- 
quire for  their  accomplisiimcnt  an  interval  of  many  thousand 
years. 

We  liave  seen  that  Newton  and  Huygens  had  determined  tl 
figure  of  the  earth  ;  the  former,  on  the  supposition  tliat  its  n 
was    of  uniform  density,  and  the  latter,  on  tliat  in  which  I 
different  strata  varied,  in  density,  from  the  centre  to  the  surfaq 
according  to  a  certain  law.     But,  in  1743,  M.  Claintul,  i 
Th6orie  de  la  Figure  de  la  Terre,  exhibited  several  general  eqU 
tions  concerning  the  equilibrium  of  fluids;  and,  applying  t 
to  the  earth,  supposing  it  to  be  a  mass   consisting  of  sevei 
fluid  strata  varying  in  density,  and  revolving  on  i 
and,  again,  sup])osing  that  the  earth  consists  of  a  solid  nuclei 
of  variable  density  and  covered  witlt  a  fluid ;  he  proves  that,  U 
both  hypotheses,  an  ellipsoid  of  revolution  satisfies  the  conditi) 
of  equilibrium  in  every  stratum  :  he  arrives,  also,  at  the  rem 
able  conclusion  that,  assuming  tlie  polar  axis  and  the  forco^ 
gravity  at  the  equator  to  be,  each,  expressed  by  unity,  tlie  « 
cess  of  the  equatorial  axis  above  the  polar,  added  to  the  excflf 
of  gravity  at  the  poles  above  that  at  the  equator  is  a  const 
quantity,     The  tlieory  of  Clairaut  was  rendered  more  genei 
by  D'AIembcrt  in  his  Recherckes  sur  le  Sysleme  du  Monde,  t 
this  celebrated  mathematician  determined  the  attractions  of  s 
spheroid,    the  equation  of  whose    surface    is  algebraical ; 
subject  was,  however,  treated  outhe  like  hypotlieses  concci 
the  constitution   of  the  earth,  with  greater  precision  nnd  olo- 
gance  by  La  Place  in  the  third  book  of  the  Mecaniqiie  Citeste; 
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and,  afterward,  in  the  elevenlh  book,  in  order  to  bring  ihe  girea 
iroDditioDS  nearer  to  those  of  nature,  he  has  included  the  case, 
ill  w!iich  the  fluid  leaves  uncovered  a  portion  of  the  solid 
spheroid ;  from  these  hypotheses  he  has  investigated  the  figure 
which  the  earth  should  assume,  when  in  equilibrio  between  ths 
attractions  of  its  matter  and  the  disturbing  forces  produced  by 
the  actions  of  the  sun,  moon  and  planets ;  and  he  finds  it  to  be 
that  of  a  certain  ellipsoid :  he  acknowledges,  however,  that  this 
may  not  be  the  only  figure  under  which  an  equilibrium  may  sub- 
sist; but  he  proves  that,  whatever  may  be  the  form  of  the 
eartli,  provided  it  difi'ers  but  little  from  a  sphere,  tlie  vaiialions 
of  gravity  will  follow  the  same  law  as  in  a  regular  ellipsoid. 

Ex]>eriiucnt8  made  with  pendulums,  in  different  parts  of  the 
earlh,  prove  that  the  interior  of  the  latter  is  not  homogeneous  ; 
and,  a  comparison  of  these  experiments  with  the  results  of 
analysis  shews,  that  the  densities  of  the  strata  diminish  ironi 
the  centre  to  the  surface  :  but  l-a  Place  observes  that  tlie  regU;- 
larily  with  which  the  variations  in  the  lengtlis  of  the  pendu- 
Inms  accord  with  the  law  of  tlie  variations  of  the  force  of 
gravity  (ihe  squares  of  the  sines  of  the  latitudes)  warrants  the 
conclusion  that  the  strata  are  regularly  disposed  about  the 
earth's  centre  of  gravity ;  and  that  their  form  is  nearly  that  of 
a  spheroid  of  revolution. 

'Having  shewn  the  near  agreement  of  tlie  values  of  the  earth's 
elliplicity,  obtained  fi-om  the  measures  of  tlie  degrees  of  latitude 
and  from  tlie  two  inequalities  of  the  moon's  motions  which 
he  had  found  to  be  caused  by  the  obtalc  form  of  lie  earth,  with 
that  which  results  from  tlie  theorems  directly  deduced,  on  the 
supposition  tliat  the  surface  of  the  terrestrial  spheroid  is  a  fluid 
in  equilibrio  ;  La  Place  also  infers  tliat  the  general  depth  of  the 
ocean  must  be  smaU,  and  of  the  same  order  as  the  mean  height 
of  the  continent  and  islands  above  its  level,  a  height  which  does 
not  exceed  one  thousand  yards. 

That  great  changes  have  taken  place  on  the  surface  of  the 
earth  is,  however,  admitted :  our  actual  continents  have  formerly 
been  situated  under  the  ocean,  and  tlie  latter  must,  at  one  time, 
therefore,  have  retired  from  tliem  to  the  bed  which  it  now  occu- 
pies, in  consequence   of  partial    sinkings  and   risings  of  the 
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ground ;  but  these  changes  do  not  appear  to  have  been  attended 
with  a  depression  of  the  general  level  of  the  waters  aTDoimting 
to  more  than  a  sniall  part  of  the  difference  between  Uie  equa- 
torial and  polar  diameters  of  the  earth ;  and  ha  Place  concludes 
that  there  has  not,  consequently,  been  any  sensible  chauge  iu 
the  position  of  the  axis  of  the  earth's  <liunia]  rotation ;  which 
obstTvatiouB  prove,  moreover,  to  have  always  corresponded  with 
the  same  points  ou  the  terrestrial  surface. 

In  the  eleventh  book  of  the  iM^iiiiigitn  cilesle  tliis  illustnoob  • 
mathematician   and   astiononier    also   considers   ihe    qucsli^^H 
whether  the  period  iu  which  the  earth's  diurnal  rotation  tahll^^l 
place  is  susceptible  of  variation :  a  question  of  the  ulmottt  im- 
portance, since  the  supposition  that  this  element  is  constiuit  is 
involved  in  every  conclusion  drawn  from  celestial  observations, 
and  siuee  the  period  of  the  rotation  is  always  tised  as  an  in- 
variable standard  for  the  measure  of  lime.     Geological  ohsena- 
tious,  however,  present  abundant  evideuee  that  llie  eiirlli  was, 
originally,  in  a  state  of  tiiiidity,  from  heat ;  aud  a  gradual  cool- 
ing of  tlie  mass,  by  causing  a  coutiimal  coutractinn  of  its  bulk 
will,  necessarily,  produce   a   corresponding  diminution   in  the 
period  of  rotation :  for,  by  the  approach  of  the  molecules  to- 
wards the  Centre,  their  radii  vectorcs  would,  if  the  movement 
were  not  accelerated,  describe  smaller  areas  in  given  times 
the  axis    of  rotation;  but  tlie  momentum    of  the  whole 
being  supposed  to  remain  for  ever  the  same,  it  follows  that 
equaUiies  of  the  areas  must  be  preserved  aud,  therefore,  ei^ 
molecule  nmst  describe  a  greater  arc  in  a  given  time  ;  that  is,  tht 
velocity  of  the  eartli's  rotation  must  increase,  and  the  period  of 
its  rotation  be  shovteaod ;  and  this  efiect  shoidd  continue  tiQ 
the  earth  has  acquired  a  meau  lempcrdture  equal  to  that  of  the 
space  in  which  it  moves :  but,  from  the   theory-  of  tlie   secular 
iuequolilies  of  tlie  moon,  compared  with  tlie  observolions  uf 
ancient  cchpses,  Lu  Place  concludes  tJiat  the  dumlion  of  tlic 
natural  day  cannot  have  varied  by  so  much  as  one  buudrv4lth 
ofasccond  since  the  age  of  llipparcbus.     The  constancy  of  the 
earth's  rotation  cannot  but  appear  one  of  the  most  reimu-koble 
pheuomciia  in  nature:  that,  notwilbstouding,  the  variable 
locity  of  the  earth  iu  its  revolution  about  tlie  sun,  the 
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of  its  orbit  and  Uie  displacement  of  the  plane  of  the  terreBtrial 
equator  by  the  atlratiions  of  the  celestial  bodies,  ibis  movement 
should  not  have  suffered  any  appreciable  change  within  2000 
years,  is  a  circumslance  which  we  should  not  have  previously 
imagined,  and  which  must  he  considered  as  the  strongest  ex- 
ample illustrative  of  the  axiom  in  philosophy,  that  motion  once 
communicated  lo  a  body,  if  not  resisted  by  an  external  power, 
will  continue  for  ever  undiminished. 

About  eighteen  months  after  the  publication  of  Dr.  Bradley's 
account  of  his  discoveries  relating  to  the  inequalities  of  prcccs- 
Mon  and  nutation,  M.  D'Alcmbert,  by  analytical  processes,  suc- 
ceeded iu  shewing  (hese  inequalities  to  be  the  results  of  the 
variable  actions  of  the  sun  and  moon  ou  the  terrestrial  spheroid; 
and  in  the  M&iioires  de  FAcademie  dns  Sciences  for  1754,  ex- 
tending bis  investigations  to  the  general  case,  in  which  the 
parallels  of  terrestrial  latitude  are  ellipses,  he  determines  the 
ratio  between  the  two  axes  of  the  elhpse  described  by  tlie  true 
pole  of  the  earth,  and  the  law  of  ^he  pole's  motion  iu  the  peri- 
phery of  tiiat  ellipse.  La  Place  has,  even,  examined  the  effects 
produced  upon  the  earth's  axis  by  the  niovumcnls  of  the  oeean 
and  atmosphere,  and  he  proves  that  they  are  the  same  as  if 
these  had  formed  a  solid  mass  adliering  to  the  terrestrial  sphe- 
roid. We  owe  to  tliQ  same  mathematician  tlie  investigation  of 
an  effect  arising  from  the  general  attraction  of  all  the  planets 
upon  the  earth,  wliich  consists  in  a  gradual  displacement  of  the 
plane  of  its  orbit,  and  in  a  slow  diminution  of  the  obhquily  of 
the  ecliptic  to  the  equator,  together  with  a  small  movement  of 
the  etiuiuoctial  points,  in  direct  order.  The  annual  amount  of 
the  former,  iu  the  present  age,  is  about  0".5-21,  and  the  latter, 
about  0".313;  but  theory  has,  also,  proved  that  the  general 
attraction  of  all  the  planets  on  the  earth  will  not  always  pro- 
duce a  diminution  of  the  obliquity  of  the  ecliptic,  nor  a  direct 
movement  of  the  equinoctial  points;  iu  process  of  ages,  by 
changes  iu  the  positions  of  the  planets,  the  effects  of  their  at- 
tractions in  these  respects  will  become  less ;  they  will,  after- 
ward, cease  entirely ;  and  for  a  time,  the  obliquity  of  the  eclip- 
tic and  tlie  general  retrogradalion  of  the  equinoxes  will  appear 
constant :  but  the  positions  again  changing,  tho&c  seculiir  variu- 
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tions,  as  they  are  caUed,  will  again  commence,  but  in  coutrary 
orders ;  then,  for  ages,  the  obliquity  of  the  ecUplic  will  appear 
to  increase  and  tlie  former  direct  movement  of  the  equinoxes 
become  retrograde;  and  these  elements  will  thus  appear  to 
oscillate  withiu  certain  narrow  limits  which  have  not  yet  been 
accurately  defined.  The  annual  amount  of  the  genera!  rclro- 
gradation  of  the  equinoctial  points  is,  by  theory,  found  to  be 
equal  to  50".413;  and  the  diiference  between  this  qiianliiy  and 
the  variation  above  mentioned  is  equal  to  the  amount  of  the  tc- 
trogradation  [50".l]  determined  by  comparisons  of  tJie  modern, 
with  the  ancient  observations  on  the  longitudes  of  stars.  The 
variability  of  the  movement  of  the  equinoctial  points  necessarily 
produces  corresponding  variations  in  the  length  of  tJie  tropical 
year ;  and  since,  al  present,  the  general  relrogradation  suffers, 
as  we  have  said,  a  diminution,  there  ensues,  in  the  length  of 
the  year,  a  corresponding  diminution  which  has  been  shewn  by 
La  Place  to  be  equal  to  about  four  seconds,  on  comparing  tlie 
present  length  with  that  in  ihe  time  of  Hipparchus :  the  same 
causes  operating,  the  diminution  will  continue  till  it  arrives  at 
a  certain  limit,  after  which  an  augmentation  will  take  place  to. 
on  equal  extent ;  and  the  value  of  the  year  will  thus  altcmal 
increase  and  diminish,  probably  for  ever. 

In  17(14,  La  Grange  investigated  liie  theory  of  the  nioan^ 
figure  supposing  her  to  have  been  orginally  fluid ;  be  ascertained 
that,  by  her  movement  of  rotation,  she  must,  like  the  earth, 
have  acquired  an  ellipsoidal  form,  and  he  found  that,  in  the 
direction  of  the  diameter  which  tends  towards  the  eartli,  the 
elevation  should  be  four  times  as  great  as  that  in  the  directiua 
of  a  diameter  at  right  angles  to  the  former;  this  be  shews  lo  he 
the  cause  of  her  keeping  nearly  the  same  lace  constantly  towanls 
us;  and  it  ap])ears  to  be  a  necessary  consequence  of  her  ligure 
that  the  nodes  of  her  equator  and  her  orbit  should  coincide, 
but  La  Grange  considers  it  probable  that  these  are  subject  lo 
certain  small  oscillations  about  their  mean  point  of  coincidmcr. 

It  is,  now,  to  be  understood  as  completely  estabUshed  lliat  tli« 
inequalities  of  motion  which  wore  formerly  supposed  to  continue 
indefinitely,  are  of  tJie  same  nature  as  those  which  are  cumpcii- 
sated   in  comparatively  short  times,   and  which  are,    on  that 
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■  account,  caUed  periodical;  the  former,  however,  requiring 
many  ages  for  their  comjicnsation,  liavc  received  the  denomina- 
tion  of  secular  variations.  During  the  prevalence  of  the  idea 
tltat  these  inequalities  were  progressive  it  was  confidently 
asserted,  and  Newton  himself  certainly  entertained  the  opinion, 
that  tliey  would,  finally,  bring  on  the  destruction  of  the  solar 
system  unless  the  power  of  the  Creator  should  interpose  to 
restore  the  order  of  things  to  its  original  state;  but  tlie  dis- 
coveries of  the  modem  analysis  have  overtiuned  that  notion, 
and  we  now  consider  that  a  particular  intervention  of  the  Deity 
would  be  necessary  to  put  an  end  to  that  order,  which  he  seems 
to  have  constituted  for  an  eternal  duration,  or  even  to  make  any 
considerable  change  in  the  disposition  and  movement  of  any  one 
of  the  planets.  I'he  most  remarkable  fact  brought  to  light 
by  analysis  is,  that  the  major  axes  of  Uie  orbits,  and  the  times  of 
the  revolutions  of  the  planets  about  the  sun,  though  subject  to 
periodical  variations,  are  entirely  free  from  those  called  secular: 
Irfi  Grange,  in  the  M^moires  of  the  BerUn  Academy  for  J776, 
has  shewn  that,  in  the  solar  system,  neither  tlie  reciprocal 
attractions  of  tJie  planets  nor  tlieir  oblate  iigiires  can,  wliile  the 
perturbating  forces  are  very  small  compared  with  the  attraction 
of  tlie  sun,  produce  any  but  temporary  alterations  eitlier  in  the 
figures  of  the  orbits  or  in  the  times  of  the  revolutions;  his 
argument  being  that  the  changes  of  the  major  axes,  on  which 
the  other  elements  depend,  can  always  be  expressed  by  the 
sines  and  cosines  of  angles  and  are,  consequently,  periodical;  a 
circumstance  which  may  be  considered  as  demonstrating  the 
pennanency  of  the  system  to  which  we  belong. 

In  conclusion,  let  it  be  obsen'ed  tliat,  should  any  new  theory 
be  hereafter  proposed  to  account  for  the  celestial  movements,  it 
may,  without  hesitation,  be  pronounced  useless;  since  that 
which  rests  on  the  Newtonian  principle  of  gravitation  has  been 
found  capable  of  accounting  for  the  most  minute  variations  in 
the  planetary  motions;  and  since,  on  comparing  the  results 
obtained  by  tlie  formula!  deduced  from  it  with  actual  obsen-a- 
tioDS,  the  differences  are,  in  all  cases,  very  nearly  within  Ihe 
limits  of  the  errors  arising  from  the  defects  of  the  instruments, 
or  from  the  imperfection  of  human  vision.     Therefore,   though 
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the  principle  above  mentioned  be  objected  to  as  hypothetical, 
no  advantage  will  be  gained  by  introducing  any  other,  which 
must  be  no  less  so,  and  which  cannot  possess  the  merit  of 
superior  simplicity.  It  follows  that,  in  astronomy,  human 
ingenuity  will,  probably,  in  future,  be  able  to  accomplish  little 
more  tlian  an  improvement  in  the  means  of  making  obsenations, 
or  in  the  analysis  by  which  the  rules  of  computation  are  investi- 
gated :  it  must  be  owned,  however,  that  the  last  subject  oflei-s 
an  ample  field  for  the  exercise  of  mathematical  talent;  pure 
science,  in  its  present  state,  being  still  very  inadequate  to  the 
direct  attainment  of  the  ends  proposed,  while  its  intricacy,  in 
the  higher  departments,  is  such  as  to  render  the  processes  unin- 
telligible to  all  but  the  few  distinguished  persons  who,  by 
Nature  and  profound  application  to  the  subject,  are  qualified 
for  such  researches. 


THE   END. 


O.  Woodfall.  Printer,  Ani^el  Court,  Skinner  StresC,  Loodon. 


